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Synopsis 
New Approaches to Aromatic Substitution Reactions 
with Carbon Electrophiles 
Introduction 
The thesIs gives an account of work directed towards developing new reagent systems and 
methodology, with particular reference to the Friedel-Crafts and Vilsmeier-Haack reactions of 
aromatic and heteroaromatlc compounds. Ways of improving regioselectivrty and developing a 
stereoselective Friedel-Crafts reaction have been investigated for a range of hetero-atom stabilised 
caroocations. This work is divided imo two main areas:-
(~ The synthesIs and use of pyrophosphoryl chloride in the Vllsmeier-Haack reaction, the resuHs 
of this has shed new light on the mechanism of this classical reaction. 
(I~ The control of the Friedel-Crafts reactions of bl-functional derivatives of glyoxylIC acid and the 
use of chiral relays to induce diastereoselectivrty. 
Pyrophosphoryl Chloride In the VlIsmeler·Haack React/on. 
In most of the Vllsmeler-Haack reactions, pyrophosphoryl chloride gave consistently higher Yields 
than with the conventional activator phosphoryl chloride. This was attnbuted to the greater 
electrophiliclty of the iminium ion compared with that from the analogous phosphoryl chloride 
reactions. 
Friedel·Crafts Reactions of Glyoxylic acid derivatives 
The alkylation of nucleophilic heteroaromatic and aromatic compounds with methyl 
chloromethoxyacetate gives rise to diarylacetates along with acid catalysed decomposrtion 
products. Addition of bis-trimethylsilylacetamide to these reactions provides an effective way of 
both stoPPing the reaction at the mono·arylated stage and I or preventing decomposition. These 
studies have given considerable irilormation about the mechanism of the two stages of the above 
reaction. 
Dlastereoselectlve Frlede/·Crafts Reactions 
Studies into developing an asymmetric Friedel-Crafts reaction have given some very promising 
results. A number of terpenyl chloromethoxyacetates have been synthesised using BTMSA 
reactions, and hydroxy analogues by Friedel-Crafts acylation with oxalyl chloride followed by hydride 
reduction. The stereochemistry of the mono-arylalion and diarylalion reactions has been 
investigated. Various chiral pyrroles containing either an (R)- or (S)- N-(1-phenylethyl) group have 
been synthesised and the effect of having the chiral relay in the aryl residues has been investigated 
and compared with the terpenyl esters. Also, synergism and mismatching between these two types 
of chiral relay has been found. 
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NOE Nuclear Overhauser effect 
Ph Phenyl 
Pri Isopropyl 
R Alkyl residue 
TBAF Tetrabutylammonium fluoride 
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uv Ultraviolet 
8-PM (-)-8-Phenylmenthol 
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Chapter 1 
1 Introduction 
The acylation and alkylation of aromatic compounds represents one of the key 
classes of reactions in organic synthesis. Where the acylation or alkylation 
involves alkanes, alkenes, anhydrides, halides, ethers, esters (organic or 
inorganic), ketones, sulphides etc, usually under Lewis acid or protic acid 
catalysis, the reaction is known as a Friedel-Crafts reaction.1 
A related and an alternative to the Friedel-Crafts acylation reaction is the 
Vilsmeier-Haack reaction.2 This reaction involves the the acylation (or 
formylation) of a nucleophilic substrate, (especially an electron rich aromatic 
compound: Ar-H) using an amide (R-COY) and an electrophilic activator.3 The 
first publication of this reaction appeared in 1927.4 It was found that DMF or 
NMFA, reacted in a 1:1 ratio with phosphoryl chloride and formylated a variety of 
aromatic substrates.2 
In general, these two reactions can be summarised as in equations 1a-c: 
(a) Ar-H + R-X 
(b) Ar-H + R-COX 
(c) Ar-H + R-COY 
~ Ar-R + H-X 
~ Ar-COR + H-X 
~ Ar-COR + H-Y 
x = OH, OR, OCOR, SR, SH, SCN, F, Cl, Br, I 
y= NR2 
R = H, Alkyl, Aryl 
Equations 1a-c 
Friedel Crafts alkylation 
Friedel Crafts acylation 
Vilsmeier-Haack reaction 
1.1 Frledel-Crafts Reactions 
The Friedel-Crafts reaction is a very widely studied reaction. It has been 
reviewed in great detail by authors such as Olah,5 and more recently Taylor6 and 
others? 
Historically, the first "Friedel-Crafts" reaction was carried out by Zincke nine years 
before Charles Friedel and James Mason Crafts published their first work on 
aromatic electrophilic substitution.8 Zincke inadvertently alkylated benzene with 
benzyl chloride to give diphenylmethane (1), using copper metal as the catalyst.9 
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Presumably, the copper is oxidised in the presence of the hydrogen chloride 
produced in the reaction thus forming copper (11) chloride. This in turn catalysed 
the reaction as in equation 2. 
• + HCI o + V CI Cu 
Equation 2 (1 ) 
The mechanism of this reaction is thought to involve the interaction of a lewis 
acid, or protic acid with the compound R-X. This may produce a cation in an SN1 
type process which then attacks an aromatic compound. Alternatively, it may 
polarize the R-X bond, followed by nucleophilic displacement of X, the leaving 
group.10 This is shown in scheme 1. 
cl.A. ~ 
R-X - R+ + Ar-H 
~1 mechanism 
~ ~ --R-X l.A. - R --X·--l.A. Ar-H ~2 mechanism V 
R = alkyl or acyl Scheme 1 
R 
'Ar+ -
H'J 
Ar-R 
+HX 
A study of the regiochemistry and stereochemistry of this reaction would help to 
give information about the mechanism, ie whether SN 1 or SN2 transition states 
are involved and would be of synthetiC utility in the formation of chiral aromatic 
compounds. 
1.2 Friedel-Crafts Acylation Reactions 
Friedel-Crafts acylation has been widely reviewed by Heaney11 and Norman,12 
Generally acylation involves the reaction of an acid haJide, organic or inorganic 
anhydride or a carboxylic acid with an aromatic compound to produce an aryl 
ketone. The acylation of many benzenoid compounds requires a strong lewis 
acid, such as aluminium chloride, whereas the acylation of nucleophilic pyrroles 
and indoles with reactive acylating agents can 1m-performed without a catalyst.7 
Friedel-Crafts acylation has the advantage over alkylation that the product is less 
reactive than the starting material, whereas with alkylation, the product is 
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normally more nucleophilic than the starting material, and in addition is often 
prone to rearrangement reactions? Another difference is that with acylation, the 
product complexes the Lewis acid and so at least a full molar equivalent of Lewis 
acid is needed,13 but with many alkylation reactions, catalytic quantities of Lewis 
acid can be used.14 
1.2.1 Mechanism of Acylation 
Many acylations proceed without a Lewis acid catalyst, the mechanism of which 
is slightly different to Lewis acid catalysed acylations. , 
For example, indole reacts with oxalyl chloride to produce 3-indolyl glyoxylyl 
chloride (2) in high yield at or below room temperature, as in scheme 2. 
~CI~CI ~CI ~ I I 0 - VNJ, ~ 6~ 0 -"'-H=CI'-· NJ N~ ~ 
H H 
Cl 
Scheme 2 
The reaction is thought to proceed via nucleophilic attack on a carbonyl of oxalyl 
chloride, followed by loss of chloride and rearomatisation.15 In order for less 
nucleophilic aromatic compounds to react in this manner, the carbonyl group 
must be made more electrophilic. Acyl triflates can be synthesised or made in 
situ by, for example, treating a carboxylic acid with triflic acid, and these are 
capable of acylating benzene.1s 
Similarly, carboxylic acids react with pyrophosphoryl chloride or fluoride to form 
mixed anhydrides, which are highly electrophilic and can acylate aromatic 
compounds such as anisole or para-xylene17 as in scheme 3. 
o 0 0 )l 11 11 + P P 
R OH CI .... I'O .... I'CI 
Cl Cl 
• 
o 0 
.. 
11 11 /'-. + P R Ar HO'.'CI 
Cl 
Ar-H 
Scheme 3 
o 
11 
+ P HO ..... 'CI 
Cl 
In the Lewis acid catalysed reaction of acid halides, the reaction displays a 
duality of mechanism. At one extreme, an acylium ion is involved, and at the 
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other, the arene attacks a 1:1 complex between the Lewis acid and the acylating 
agent.18 The mechanism that operates depends upon a number of factors such 
as the nucleophlliclty of the arene, the catalyst and the solvent etc. For example, 
polar solvents favour ion formation whereas non polar solvents favour complex 
formation. This is summarised in scheme 4. 
,AICh 
AICI3 +0 
.. R-lCI 
• 
. 
+ 
R-C=O 
1~ t 
+ 
• R-CeO 
~'H ! Ar·H 
0 , AICI3 
+0 
R-lAr+ +A )lR r, 
I 
H 
,AICI3 / 
0' /-W 
Ar)lR 
Scheme 4 
H 
'AICI4 
-AICI4 
"AICI4 
1.2.2 Reglochemlstry of Frledel-CraHs Acylation Reactions 
Acylation of simple 5-membered heterocycles such as pyrroles, furans and 
thiophenes occurs predominantly at the 2-position, or if this is unavailable at the 
5- position. If an electron withdrawing group is at the 2-position then some 4-
substitution occurs in addition to S-substitution.19 The reason that 2-substitution 
is favoured is because the transition state is at lower energy, due to greater 
resonance stabilisation, than for attack at the 3-position.20 This is shown in 
scheme 5. 
It follows that the synthesis of 3-acyl pyrroles is not as straightforward as for 2-
acyl pyrroles. Two similar strategies have been employed to overcome this. The 
first is to attach a sterically very demanding group to the nitrogen atom of the 
pyrrole and hence make the 2-position inaccessible. This has been achieved by 
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placing a triisopropylsilyl group on the pyrrole nitrogen. Lewis acid catalysed 
Friedel-Crafts acylations with benzoyl chlonde or phenylacetyl chloride gave 
exclusively the 3-acyl pyrroles. Uncatalysed acylation with ethyl oxalyl chloride 
as in scheme 6, or trifluoroacetic anhydride gave predominantly the 3- isomer in 
preference to the 2-isomer in 8.7:1 and 49:1 ratios respectively.21 Desilylation is 
readily achieved with fluoride ion. 
o X 
o X • 
X=NR, 0, S. 
o N 
I 
H 
NaHI 
TIPS.CI. 0 
DMF N I 
Si(P~h 
SchemeS 
o 
JC02Et 
Et02C-COCI. 0 THF 
Pyridine ~ TBAF • 
Si(P~h 
Scheme 6 
E 
d X 
A second approach is the aluminium chloride catalysed acylation of N-
benzenesulfonyl pyrrole. As shown in scheme 7, Kakushima et at showed 
how the regiochemistry of the acylation can be completely changed by use of 
different Lewis acids.22 
As the Lewis acid is changed, there is a striking difference in the regioselectivities 
of these two reactions, and the reason why is not entirely clear. The authors 
showed that with aluminium chloride which is a powerful Lewis acid, acylation 
was not taking place at the 2-position, followed by rearrangement to the 3-
isomer. This showed this by treating 1-benzenesulfonyl-2-acyl pyrroles with 
aluminium chloride, but found that they did not rearrange. The explanation the 
authors preferred is that electronic factors play an important role. Calculations 
show that the 3-position has a greater charge density than the 2-position, but the 
2-position has the higher HOMO coefficient. 
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o N 
I 
PhS02 
0 N 
I 
PhS02 
R-COClor 
(R-COhO 
AICI3 
R-COClor 
(R-COhO 
BF3-Et20 
25°C I DCE 
.. 
0- OH-N COR Dioxan 
I 25°C PhS02 
Scheme 7 
.. 
riCOR 
t.') 
N 
I 
H 
0-N COR 
I 
H 
NMR experiments show that aluminium chloride forms very highly polarised 
complexes with acyl halides, whereas boron trifluoride etherate leaves the acyl 
chloride virtually unchanged. Therefore, in this case, the aluminium chloride 
catalysed reaction prefers attack at the 3-position (charge control) whereas the 
boron trifluoride etherate catalysed reaction prefers attack at the 2-position 
(orbital control). 
Acylation of simple mono-substituted benzenoid aromatic compounds results in 
substitution predominantly in the 2- and 4- positions, where the substituent is 
electron releasing. Where the substituent is deactivating, substitution occurs 
predominantly in the 3-position, although the forcing conditions that are needed 
in these cases does not favour good regiochemical control? 
For activated benzenoid compounds, the 4-position is favoured over the 2-
position, but the ratio of 4- to 2- substitution depends on factors such as the 
nature of the acylating agent, Lewis acid employed, solvent etc. Generally, 
compared with Friedel-Crafts alkylation, acylation results In greater 
regiochemical control. The factors affecting this are analogous to those for 
alkylation and are discussed later. 
1 .3 Friedel-Crafts Alkylation Reactions 
1.3.1 Introduction 
Friedel-Crafts alkylations are among the most complex of all addition with 
elimination reactions, not only is there no single mechanism which is appropriate 
to all examples, but complications arise.7 For example, if the incoming alkyl 
group is electron releasing, the initial product becomes more susceptible to 
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further alkylation and di and poly alkyl species are frequently observed. For 
example, in scheme 8, the t-butylation of benzene with t-butyl halides and 
aluminium chloride results in the initial formation of mono t-butylbenzene (3), 
then 1,4-di-t-butylbenzene (4) and finally 1,3,5-tri-t-butylbenzene (5), not the 
1,2,4- isomer.23 Also, 1,2-, 1,3- and 1,4- di-t-butyl-benzene when treated with 
aluminium chloride, isomerise to a 52% to 48% equilibrium mixture of 1,3-di-t-
butybenzene (S) and 1,4-di-t-butylbenzene (4) respectively, with the 1,3-
isomer being the thermodynamic product,24 scheme 9. 
But 
O~ + ~ _~_:_i~_s_ ~ X (3) 
X = Halogen, OH 
But But (Sf) 
I~ 
But ~ 
(5:& I~ 
But ~ But 
SchemeS 
(6) rt 
BUtN 
But (4) 
+ 
52 : 48 Mixture But 
Scheme 9 
Lewis 
Acid 
-
-
(4) 
But (4) 
But 
1.3.2 Mechanism of the Frledel-Crafts Alkylation Reaction 
Two extreme mechanisms should be considered, as in scheme 1. As can be 
seen, the mechanism depends upon whether or not the acid or Lewis acid 
ionises the alkylating agent. 
The nature of the alkylating agent - Lewis acid complex has been investigated, 
and some of the results are presented as follows: 
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Reactions of Alkyl Halides 
With alkyl halides, the mechanism is uncertain. Byrne2S showed that methyl 
chloride forms a 1 : 1 complex with tin tetrachloride or antimony pentachloride at 
low temperature, without ionisation to the methyl cation; ie a polarised donor-
acceptor complex rather than ion pairs. Olah et aP6 showed that methyl fluoride 
and ethyl fluoride formed similar complexes with boron trifluoride. Isopropyl 
fluoride forms a 1:1 complex with boron trifluoride at -100°C,27 but Olah7 
suggested that at higher temperatures this may not necessarily be the case. 
Attempted recovery of the isopropyl and t-butyl fluoride complexes results in 
polymerisation by elimination of hydrogen fluoride followed by cation induced 
polymerisation as in equation 3. 
BF3 + FC(CH3h ~ BF4- +C(CH3h ~ HBF4 + H2C=C(CH3)2 
Equation 3 
Brown28 conducted kinetic studies on benzyl halides using aluminium trichloride 
dissolved in nitrobenzene, on aromatic compounds and showed that the rate 
determining step involved a er-complex. Further studies involving the methyl 
bromide - aluminium bromide complex showed the absence of a free alkyl 
cation. 29 The reaction of 1-chloropropane with benzene to give 1-
phenylpropane, goes without isomerisation. If a cation had formed, it would have 
immediately rearranged. This suggests that an SN2 mechanism is operating.30 
These results suggest that reactions involving primary alkyl halides would go via 
an SN2 type mechanism whereas those involving tertiary alkyl halides would 
proceed via an SN 1 type mechanism, with secondary alkyl halides being 
intermediate between these two extremes. 
Reactions of Alcohols and Alkenes 
In acidic media, reactive secondary and tertiary alcohols are thought to react via 
transient cationic intermediates present in low concentrations.1 With powerful 
super acids, the cation can be prepared at low temperatures7,31 as in equation 
4. 
BJ OH + SbFs + 2 FS03H +C(Cl-hh + SbFs + 2 FS03- + H30+ 
Equation 4 
Primary and less reactive secondary alcohols are protonated in fluorosulfonic 
acid I antimony pentafluoride mixtures, but do not form the cation at low 
temperatures (-50°C) and, on warming, dehydrate or polymerise.32 
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Alkenes readily form such "super acid" complexes. These complexes are not so 
easy to prepare since they react with the starting alkene and polymerise,33 as in 
scheme 10. 
RCH=CH2 
FSO:JH - SbFs 
HF - SbFs 
Scheme 10 
RCH=CH2 
, Polymer 
Where a leaving group, such as an alcohol is a- to a stabilising group such as an 
electron rich aromatic or heteroaromatic group, cations can be formed under 
mildly acidic conditions since the positive charge can be delocalised into the 
aromatic ring and hence stabilised. An example of this is in the dimerisation, 
followed by a retro-aldol reaction of 3-indolylmethanol (7) to give (8) in scheme 
11.34 
(i) 
. 
(iii) 
R = H, Alkyl 
~CH2 
VN~ _.--
• 
I 
R 
Reagents : (i) H'", ·H20, (iI) 3-indolylmethanol, (iii) -H'", -H2CO 
Scheme 11 
Related alkylating agents such as ethers, thiols and sulphides give the 
corresponding carbenium ion when under ·stable ion conditions".3S 
It is important to note that these ions are only formed in observable amounts in 
the absence of nucleophiles. Under the conditions in a preparative Friedel-Crafts 
reaction. the lifetime of the intermediate cation would be so short that it cannot be 
observed? 
In general, polarised precursor complexes can behave in a similar manner to 
cationic intermediates, if considered as ion pairs. It is perhaps however. more 
useful to think of these Friedel-Crafts reactions as nucleophilic displacement by 
the aromatic compound and not electrophilic attack} 
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1.3.3 Reglochemlcal Aspects of Frledel-Crafts Alkylation 
Reactions 
Many Friedel-Crafts alkylation reactions show poor regiochemical control, 
especially when compared with Friedel-Crafts acylation reactions. The 
regiochemistry in alkylation has been found to be dependent on a number of 
factors including Lewis acid, solvent, temperature and nature of the alkylating 
agent. A particularly important factor is the electrophilicity of the alkylating agent 
or alkylating agent - Lewis acid complex. This was investigated by Olah et a/ 
who studied the regiochemistry of the alkylation of toluene with a series of 4-
substituted benzyl chlorides using titanium tetrachloride as the Lewis acid,36 
equation 5, and table 1. 
Me CH2CI 
6 ~ TiCI4 + . + HCI ~ X 
X Equation 5 
X K toluene ortho meta para 0.5 o)p 
K benzene % % % 
2.5 59.6 6.2 34.2 0.87 
6.2 40.1 5.6 54.9 0.37 
6.3 40.5 4.3 55.2 0.37 
29.0 31.4 2.1 66.5 0.24 
97.0 28.6 1.5 69.9 0.20 
Table 1 
A clear trend is observed in the substitution pattern. Where X is electron 
withdrawing, the regiochemical control is poor and where X is electron releasing, 
the regiochemical control is much better, with the para-isomer being favoured. 
This has been explained in terms of the nature of the alkylation transition state. 
According to Olah, for the powerful electrophile (X = N02), the rate determining 
step is the formation of a cr- complex, which is less dependent of the position of 
electron releasing substituents on the aryl ring under attack than for the formation 
of a 1t- complex. If the formation of the 1t-complex is rate determining, then the 
position of electron releasing groups has a greater influence on the position of 
alkylation and hence gives greater regiochemical control. 
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A more satisfactory explanation was given by Fleming.37 For a benzene ring with 
a single electron releasing substituent, the total charge is larger on the ortho-
position than the para-position, but the frontier electron population is larger on 
the para-position. Hence softer electrophiles would be expected to give more 
para-substitution. 
Alkylation of 5-membered heterocycles such as pyrrole, furan and thiophene can 
be problematic. There is often poor regiochemical control and the conditions 
required to achieve alkylation, do not necessarily encourage the survival of the 
heterocyclic ring.3s Attack at the 2- position is normally favoured as previously 
explained for acylation. 
In some cases, thiophene shows very poor selectivities between the 2- and 3-
position, particularly in the acid catalysed reactions with alkenes or simple alkyl 
halides. Selectivities can vary from 3:1 to 1:1 depending on the catalyst and 
reagent employed. 20,39 Furan and pyrrole tend to undergo acid and I or Lewis 
acid catalysed polymerisation in alkylation reactions.3S However, selective 
alkylations are possible in good yields as shown by Tamura et ai, who alkylated 
1-methyl pyrrole, furan and thiophene with ethyl chloro(methylthio)acetate all in 
the 2- position, without polymerisation.40 
1.4 Asymmetric Friedel-Crafts Alkylation Reactions 
Asymmetric Friedel-Crafts reactions are of valuable synthetic utility and give 
considerable information about the mechanism of the reaction as well as 
providing some challenging mechanistic problems. The different classes will be 
discussed according to the nature of the alkylating agent as follows: 
(i) Alkyl Halides (vi) Esters 
(ii) Alkenes (a) Organic Esters 
(Iii) Alcohols (b) Inorganic Esters 
(IV) Ethers (vii) Aldehydes 
(a) Acyclic (viii) Reactions via 1t- Stabilised cations 
(b) Cyclic (ix) Asymmetric Ketal Rearrangements. 
(v) AZlridines 
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1.4.1 Alkylation with Alkyl Halides 
The course of Friedel-Crafts alkylation was initially thought to give almost 
complete racemisation,41 proceeding via a cationic intermediate where the initial 
chirality of the starting material was lost. Using carefully controlled conditions (ie 
low temperature and short reaction times) Suga and coworkers demonstrated 
that stereoselectivity was possible with a simple alkyl halide.42 
0(1 AICI3 I Benzene 
• 
50 seconds I -30°C 
The aluminium chloride catalysed alkylation of benzene with (+)-2-chlorobutane 
(shown above) gave (-)-2-phenylbutane with inversion of configuration in 24% 
ee. The author proposed that the reaction proceeds mainly by displacement of 
chloride by benzene, but the lowering of the stereospecificity was found to be due 
to the racemisation of both the starting material and the product by the Lewis 
acid. 
Suga and co-worker investigated the alkylation of benzene with optically pure 1-
chloro-2-phenylpropane (9) and also 2-chloro-1-phenylpropane (10). Using 
aluminium chloride as the Lewis acid they found that the formation of 1,2-
diphenylpropane (11) occurred mainly with retention of configuration. The 
product was formed with a chemical yield of 60% and with an ee of 82%.43 This 
was thought to come about as a result of the neighbouring group effect giving an 
unsymmetrical It-assisted cation.7·44 Also, 1,1-diphenylpropane (12) was 
formed, which would be expected with the proposed cation. These results are 
summarised in scheme 12 
In contrast, Suga also reported examples of a completely different neighbouring 
group effect, resulting in inversion of stereochemistry. Benzene was alkylated 
with optically pure 3-chlorobutanol or 3-chlorobutanoic acid and their esters, 
equation 6. 
o + H~~CI AICI3 .. ~~:2V H3C ~-CH3 
V = CH20H, COOH, COOEt, CH20COPh, CH2COCH3 
Equation 6 
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(i) (i) 
• • 
H,·"r-{' 
H Cl 
(10) 
(11) (12) 
Reagents: (i) AICI3, ocr (ii) Benzene, -H+ 
Scheme 12 
Cl 
(9) 
Me 
The products were not racemised under the conditions used, but the starting 
materials were partially racemised, which reduced the overall ee's. Taking this 
into account, the calculated ee's in the key alkylation step were approximately 
90%. The authors explained the inversion of stereochemistry in terms of a cyclic 
alkylating agent - Lewis acid complex undergoing SN2 displacement of chloride 
by benzene45 as in scheme 13. 
x x 
OH 
-
• 
Scheme 13 
As previously discussed, the alkylating agent is a secondary halide, which is 
prone to cation formation, and in turn would lead to racemisation. However, the 
cyclic nature of the alkylating agent makes it considerably more resistant towards 
racemisation than with a simple alkyl halide and hence the enantioselectivities 
are better. 
The diastereoselectivity of the Friedel-Crafts cyclisation of 1-phenyl-2-chloro-3-
methylpentane (13) was investigated by Roberts.46 This secondary halide 
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cyclises via several cationic intermediates and undergoes a series of hydrogen 
shifts before forming trans-1,2-dimethyl-1,2,3,4-tetrahydronaphthalene (14) as 
the major product, In moderate yield. This is shown in scheme 14. 
(I) 
-4 
Me 
(ii) n 
H (iii) 
.. 
Me 
• 
'. ? . .
'. 
'? '. , . ". . 
(iii) (iii) 
• H .. 
"'If"" Me 
Ratio of products - (14) 63%, (15) 2%, (16) 19% and (17) 12%. 
Reagents: (i) AICI3 / MeN02, (ii) H shift, (iii) -Wo 
Scheme 14 
A number of aryl glycosides were synthesised by Suzuki and co-workers,45 by 
Friedel-Crafts reactions of glycosidal fluorides with electron rich aromatic 
compounds such as 1-methoxynaphthalene. Using the catalyst system: 
dichlorodicyclopentadienyl zirconium (IV) - silver (I) perchlorate, the 
stereochemistry and regiochemistry of the reaction was studied. With an excess 
of catalyst, the thermodynamic B-stereoisomer was formed, whereas with 20 mol 
% of catalyst, the kinetic a-isomer predominated, with substitution in the 4-
position on the naphthalene ring. This is summarised in Equation 7. 
F 
M~O MeO 
MeO . 
OMe 
a B Ar 
__ A_r-_H __ .. _ M OM~O Ar MmO 
C ZrCl e + MeO P2 2 MeO MeO ~C~ O~ O~ 
Equation 7 
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Friedel-Crafts reactions can be used in the synthesis of aryl a-amino acids. The 
chiral cation of the bis-Iactam ether of cyclo-(J-Val-Gly) (18) alkylates electron 
rich aromatic compounds such as l-methoxynaphthalene or 1,4-
dimethoxybenzene in 62-71 % yield and 90% de, under !In tetrachloride catalysis, 
scheme 15. Subsequent hydrolysis leads to the appropriate arylglycine. 
The authors propose that the reaction proceeds via a cationic intermediate and 
that the aryl group is introduced Irans to the isopropyl group of valine. With 
anisole, ortho- and para- regioisomers are formed and the reaction results in 
partial racemisation of the products because of the more forcing conditions 
required.48 
Me 
Me-! % N OMe H-1'Y -
,A. +Jl SnCls 
MeO N 
MeO 
Scheme 15 
1.4.2 Alkylation with Alkenes 
Ar-H 
• 
Alkenes can be readily protonated with strong acids to form a cation, which in turn 
is attacked by an aryl group. Fuji49 was able to control the face of attack on the 
cation by means of a neighbouring group effect, in the cyclisation of (19) to give 
(20) shown in equation 8. The carbonyl oxygen in the intermediate (21) is 
spatially close to the tertiary cationic centre and hence shields one face of it from 
attack. This gives rise to attack by the aromatic ring on the least hindered side of 
the cation and hence gives the lrans ring junction in the product in 92% yield. 
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MeO 
(19) 
PPA 
.. 
MeS03H 
OMe 
(20) 
Proceeds via: 
MeO 
OMe 
(21) 
Equation 8 
1.4.3 Alkylation with Alcohols 
The Friedel-Crafts reactions of optically pure 2-butanol with benzene were 
initially thought to result in almost complete racemisation,41 but in the best cases 
an inversion of stereochemistry in (1 % eel was observed. Similarly, (S)-1,1,1-
trideuteriopropan-2-01 was racemised in the boron trifluoride catalysed alkylation 
of benzene.5o The racemisation was thought to be due to the formation of a 
secondary cation, thus destroying the chiral centre. 
In the first reported stereoselective alkylation with a simple alkylating agent, 
Rosenburg achieved some stereoselectivity (27% eel in the alkylation of benzene 
with (+)-2-butanol using aluminium bromide as the Lewis acid.51 The reaction 
proceeded with inversion of stereochemistry to give the expected 2-phenylbutane 
in an SN2 type manner, but with extensive racemisation via cationic 
intermediates as with the 2-chlorobutane example of Suga.43 
The Friedel-Crafts cyclisation of a range of methyl phenyl pentanols with either 
protic acids or Lewis acids was investigated by Roberts and Khalaf,46 scheme 
16. The reaction of (22) or (23) proceeds by way of several carbocationic 
intermediates which frequently undergo alkyl or hydride shifts before cyclisation. 
With aluminium chloride in petroleum ether, this strong Lewis acid system leads 
to extensive rearrangement of the products, forming compounds (14-17) in 
similar amounts. With nitromethane as the solvent, the power of the Lewis acid is 
moderated and the extent of the rearrangement is minimised, showing that the 
trans-<liastereomer (14) is favoured. 
,\ 
. , 
23 
(22) 
(i) 
---!.,;:....-_. (1 4 -1 7) 75% Yield 
Proportion: 
(14) = 70% 
(15) = trace 
(16) = 17% 
(17) = 13% 
Proportion: 
(ii) (14) = 71% 
--; ... (14-17) 75% Yield (15) = trace 
(16) = 20% 
(17) = 9% 
~"""" . 
Reagents: (i) AICI3 / MeN02• 20 hours 
(ii) AICI3 / MeN02• 4 hours 
Scheme 16 
The primary alcohol (24) shown in equation 9 does not undergo Lewis acid 
catalysed cyclisation. It can however be cyclised under protic acid catalysis With 
phosphoric acid to give compounds (14-17) in 30. 31. 8. and 24% proportions 
respectively. but this is followed by extensive rearrangement reactions. 
(i) 
--...:w........, ... (14-17) 70% Yield 
(24) OH 
Reagent: (i) H3P04 
Equation 9 
Proportion: 
(14) = 31% 
(15) = 24% 
(16) = 30% 
(17) = 8% 
The cyclisation of some aryl-alkyl carbinols. leading to some saturated 
phenanthrene derivatives has been examined. and gave the cis fused ring 
systems. An example of this is given in the cyclisation of (25) to (26) as in 
equation 10.52 As with the previous examples, the cationic intermediates are 
subject to rearrangement reactions, before cyclisation. 
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OMe OMe 
Me 
Equation 10 
A more elaborate example of a diastereoselective cyclisation involving an 
aromatic ring is in the tin tetrachloride catalysed polyene cyclisation of the 2-
substituted thiophene (27) in equation 11, to give a thiophene steroid 
analogue (28). The cyclisation gives exclusively a trans fused ring system.53 
Me Me 
(27) 
SnCI4 
• f OH 
S (28) 
Equation 11 
1.4.4 Alkylation with Alkyl Ethers 
1.4.4.1 Acyclic Ethers 
The stereoselective alkylation of benzene with with simple alkyl ethers has met 
with little success. The methyl ether of (-)-butanol readily alkylates benzene 
under aluminium chloride catalysis, but results in almost complete racemisation. 
The reaction is thought to proceed partially by displacement of methoxide, but 
with very extensive carbocation formation of both the starting material and 
product.54 
1.4.4.2 Alkylation with Cyclic Ethers 
The Friedel-Crafts reactions of cyclic ethers can be divided into three sections. 
These include the reactions of (i) epoxides, (ii) oxetanes and (iii) 
tetrahydrofurans. 
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Frledel-Crafts Reactions of Epoxldes 
The stereoselective alkylation of benzene with optically active epoxides has been 
studied in detail by Suga. The alkylation of benzene with (R)-(+)-propylene oxide 
gave (R)-(+)-2-phenylpropanol (29), in excellent enantioselectivity (95% ee) and 
moderate yield, scheme 17. The other products being chloropropanols from the 
Lewis acid reacting with the epoxide.55 
o 
D.(Me 
H 
Mechanism: 
AICI3 I Benzene 
• 
-5°C I 3.5 hours 
• 
Scheme 17 
Ht A>M~ 56% Yield \1 95% ee (29) Ph 
t -HCI 
H 
Me 
~ H 
The reaction is thought to proceed by benzene attacking an epoxide-Lewis acid 
complex in an SN2 manner,56 which gives rise to the inversion in stereochemistry. 
The starting materials and products are not racemised, as is the case of the (S)-2-
methoxybutane reaction54. In the former case the Lewis acid is thought to 
complex with both the starting materials and products and is not free to cause 
racemisation or rearrangement reactions. 
Chiral induction in a methylene group adjacent to an epoxide was also reported 
by SugaP The reaction of (R)-(+)-1-epoxybutane with benzene gives both the 
expected (R)-(+)-2-phenylbutan-1-01 (30) In 100% ee and the unexpected 3-
phenylbutan-1-01 (31) in 24% ee as well as several chlorobutanols, equation 
12. 
o 
/ \4""'" ~H Me 
HO 
AICI3 I Benzene ~HMe 
• 
Ph (30) 
100% ee 
Equation 12 
+ 
H 
M~OH 
Ph (31) 
24% ee 
The authors speculate that the epoxide ring opens and rearranges by means of a 
hydrogen shift, capturing a chloride ion in a near concerted, stereospecific 
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manner to form 3-chlorobutan-1-01. This in turn undergoes an asymmetric 
Friedel-Crafts reaction as discussed earlier.45 
Taylor and co-workers investigated the diastereoselectivity of the cyclisation of 
cis- and trans-1-phenyl-3-epoxypentane.58 They found that the cyclisation 
preferentially gave the six membered ring. The cis-epoxide (32) gave the cis-
methyltetrol (33) and the trans-epoxide (34) gave the trans-methyltetrol (35) 
in 63-66% yield, equations 13a and 13b. 
(32) SnCI4 /DCM 
H • (33) 
OH 
H Me 
(34) SnCI4 /DCM CD H • Q OH (35) 
I 
Me 
Equations 13a and 13b 
The reaction is thought to proceed in a concerted manner with inversion of 
stereochemistry.as with the the previous epoxide examples. 
Taylor also found that 5-epoxycyclodecene undergoes a remarkable and highly 
stereoselective Friedel-Crafts reaction in electron rich aromatic solvents, resulting 
in the formation of two new chiral centres, to form a 1-hydroxy-4-aryl-cis-decalin 
(36)59 as in equation 14. 
The authors suggested that the reaction occurred in a concerted or near 
concerted manner and that the epoxide was sterically hindered to alkylation. 
Me 
.. 6 I H Toluene H 
via Me-o~ r=="\ 
._- ... 
Equation 14 
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Frledel-Crafts Reactions of Oxetanes 
The alkylation of benzene with oxetanes was found to be less stereoselective 
than for epoxides,6o equation 15. Optically pure 2-methyloxetane undergoes 
an SN2 type ring opening. As with epoxides, this involves attack by benzene on 
the Lewis acid-oxetane complex, leading to substitution with inversion of 
stereochemistry to give 3-phenylbutan-1-01 (37). Moderate selectivities are 
possible with tin tetrachloride as the Lewis acid, but the chemical yields are low 
(14%). With the stronger Lewis acid aluminium chloride, the yield is good, but the 
selectivity is low (20% ee). This is probably due to racemisation of the starting 
material and I or product. 
Lewis acid I Benzen~ HJh (37) 
Mef'../'OH 
Equation 15 
Reactions of Tetrahydrofurans 
Lewis Yield Selectivity 
Acid 
AICI3 62% 20% ee 
SnCI4 14% 62% ee 
Brauman studied the alkylation of benzene with enantiomerically pure 2-
methyltetrahydrofuran. He found that this gave the corresponding 4-
phenylpentanol (38) in 50% yield and 35% ee, with inversion of stereochemistry, 
equation 16. As with oxetanes, tetrahydrofurans are less reactive than 
epoxides, so the stronger conditions required to make the reaction proceed, 
result in extensive racemisation.6l 
H>f) 
Me 0 
AICI3 I Benzene 
.. 
Ph (38) 
H'~OH 
Me 
Equation 16 
1.4.5 Reactions of Azlrldlnes 
50% Yield 
35%ee. 
Although less studied than epoxides, aziridines readily take part in Friedel-Crafts 
alkylation reactions. The amino acid derived aziridines (39) in equation 17 
alkylate some N-substituted indoles, with inversion of configuration, to produce 
unnatural amino acids based on tryptophan (40). The yields in the reaction vary 
from 44% to 69% depending on the nature of Rl, R2 and R3, and the optical 
purities are in excess of 95%.62 
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RI = C02CH2Ph or C02CMe3 
~= HorOMe 
R3 = Me or Et 
Equation 17 
1.4.6.1 Frledel-Crafts Reactions of Organic Esters 
H .. n 
Me~O~O 35 - 100°C 
H Ph 
"."J... --.. _ OH 
Ml~)r 
AICI3 I Benzene 
.. 
Proposed Intermediate: 
0' !UO'···AICI3 
H Me 0 (42) 
Equation 18 
(40) 
100% conversion 
40%ee. 
Brauman, investigated the Friedel-Crafts reaction of (S)-(-)-y-valerolactone with 
benzene to obtain (R)-(-)-4-phenylvaleric acid (41). The reaction occurred in 
100% conversion and 40% ee with inversion of stereochemistry61 as in 
equation 18 and explained this in terms of a tight ion pair (42). In the 
analogous acyclic version of the reaction, ;9 that of (R)- or (S)- 2-butylacetate, 
complete racemisation was observed under the same conditions. This lends 
support to the idea that some form of cyclic intermediate is involved which 
preserves the stereochemistry at the chiral centre. 
1.4.6.2 Frledel-Crafts Reactions of Inorganic Esters (Sulfonates) 
The first example of an acyclic Friedel-Crafts alkylation reaction with good 
chemical and optical yields was presented by Piccolo and co-workers,63 
equation 19. Optically pure a-sulfonyl propionates (43) alkylate benzene with 
inversion of configuration in an SN2 manner. This provides a route for making 
optically pure aryl propionates, many of which are non-steroidal antiinflammatory 
agents. 
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R1 = Me or Et 
R2 = CH3, Cl or p-Tol 
Benzene 
• 
Equation 19 
65 - 86% yield 
91 - 99% ee. 
The reaction also proceeds well with other arenes such as toluene, 
chlorobenzene and naphthalene, but with poor regioselectivity.64 
A similar reaction is in the preparation of unnatural proline derivatives, where 
benzene reacts with methyl N-benzylprolinyl-4-sulfonate (44), equation 20 to 
give (45).65 This also involves an SN2 reaction with inversion of configuration. 
AIC~ I Benzene 
• 
Ph"'''(rC02H 
(45) 'CH2Ph 
Equation 20 
In contrast Effenberger66 prepared some alkyl triflates by reacting the appropriate 
chiral alcohol with triflic anhydride. These underwent uncatalysed Friedel-Crafts 
reactions with benzene at 80g C in moderate yields. Unlike with Piccolo's results, 
alkylation of benzene with methyl (S)-3-trifluoromethanesulfonylbutyrate 
produced racemic methyl 3-phenylbutyrate. A similar reaction of (S)-1-methyl-2-
phthaloylaminomethyl triflate (46) with benzene resulted in partial retention of 
configuration, as in equation 21. This was interpreted in terms of ionisation to a 
carbenium ion, followed by attack by benzene. 
H 
Me~N 
TfO 
(46) 0 
Benzene 
Equation 21 
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H 
Me~N 
Ph 
o 
With the two diastereomers of the protected threonine (47) and (48) in scheme 
18, the configuration at C-2 is maintained, but show diverse behaviour upon 
alkylation with respect to the stereochemistry at C-3. 
(2S,3S) (47) 
M C02Me H~~H 0 
TfO 
0 
(2S.3R) (48) 
NPht 
-on· H~M 
---- e I + Ph·H 
Me02C H 
NPht 
-on-
Mefk-H Ph-H 
Me02C H 
Scheme 18 
H C02Me 0 
Me¥N
H 
Ph 
o 
(2S,3R) 20% de. 
(2S,3S) 95% de. 
The (2S,3R) diastereomer (48) reacts largely with retention of configuration, but 
the (2S,3S) diastereomer (47) affords a 60:40 mixture of diastereomers (20% 
de). This difference in behaviour was explained in terms of the different 
carbenium ions involved. Initially the two different carbenium ions shown will be 
formed and then will be subject to rotation about the C2 - C3 bond. In the ion 
derived from the (2S,3R) isomer (48), rotation is hindered by the two large 
neighbouring substituents. Benzene can only attack on the opposite side of the 
intermediate from the phthaloyl group so only one diastereomer is formed. In the 
conformer derived from the (2S,3S) diastereomer (47) there is only a small 
hindrance to rotation and hence the product contains a mixture of 
diastereomers.66 
1.4.7 Frledel-Crafts Reactions of Aldehydes 
Aldehydes undergo Friedel-Crafts alkylation reaction initially to form an aryl 
alcohol, which frequently undergoes a second Friedel-Crafts alkylation reaction 
to form a diaryl compound, as in scheme 19. Stopping the reaction at the first 
stage is usually difficult, especially if the aryl group is electron rich. This is 
because the intermediate alcohol is often more reactive than the aldehyde, since 
the aryl group can stabilise a cation that may be formed. An example is the 
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reaction of thiophene with alkane carboxaldehydes under acid catalysis. The 
intermediate 2-thienyl alcohol cannot normally be isolated, but instead, the di-2-
thienyl alkane is formed.67 
o 
II R 
Ar-H 
• 
Ar-H 
• 
R = Alkyl, Ar = electron rich aromatic residue 
Scheme 19 
Some ephedrine-like compounds of the type (50), have been synthesised by 
Bigi et al.68 This study involved the reaction of some para-substituted phenols 
with aldehydes derived form amino acids, eg (49). The authors proposed that 
the reaction proceeded via a phenol - metal - aldehyde complex as in scheme 
20. 
OH .M~2+ Ca' .~ 0 OH 
+ Ph~ Et Mg B! CH2Ph ! Ph 
NH Boc NH Boc 
----- I 
NH Boc 
OMe (49) (50) OMe OMe 
Scheme 20 
This gave rise to exclusively ortho-regioselectivity and also resulted in a de of 
76%. The second point of note is that the reaction stops at the alcohol stage and 
does not lead to the bis-phenol derivative. This is thought to be due, in part, to 
the metal coordinating the two alcohol groups and stabilising the initial product.69 
Bigi et al also described the synthesis of some ortho-substituted chiral mandelic 
esters (52), by the Friedel-Crafts reaction of terpenyl glyoxylates (51) with 
phenols.70 Using menthol as the chiral relay, moderate diastereoselectivities 
were obtained, but this was improved by using 8-phenylmenthol which gave up to 
97% de in some cases. The best selectivities were obtained using titanium 
tetrachloride as the Lewis acid. Less strongly coordinating Lewis acids such as 
titanium tetraisopropoxide gave lower yields and poorer diastereoselectivities. 
This is shown in scheme 21. 
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-------------- - - ----
Rl = 3-Bu'. 4-0Me, H 
R2 = 'Menthyl, 8-phenylmenthyl 
R3 =H, Ph 
Scheme 21 
1.4.8 Frledel-Crafts Reactions Involving x-Stabilised Cations 
As already mentioned, compounds containing a leaving group on a carbon atom 
a- to an electron rich aryl group, readily form ·stable· cations which can undergo 
aromatic electrophilic substitution reactions at the carbon previously bearing the 
leaving group.67,69 This leads to the formation of a diary I compound. If the two 
aryl groups are different then a new chiral centre is formed and the 
stereochemistry of which is in part determined by any chirality elsewhere in the 
molecule. This concept is shown in scheme 22. 
Lewis or 
Protic Acid + 
------.~ /"'- --- + 
-X" Arl R* Ar1/"'-R* 
A~-H 
• 
x = Leaving Group 
Scheme 22 
This strategy has been used in the asymmetric total syntheses of a range of diaryl 
natural products. 
Interest has recently been shown in the synthesis of a range of natural and 
unnatural Iignans, some of which have shown anti-cancer and anti-viral 
properties. The key step in the synthesis has been an asymmetric Friedel-Crafts 
cyclisation. Brown et afTl treated the a-aryl-a-benzyl ether (53) with boron 
trifluoride etherate to generate a carbenium ion, which cyclised to the protected 
natural product (-)-(a)-Conidendrin (54) in very high yield. Both epimers of the 
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starting material produced the same product. showing that the reaction 
proceeded via the same intermediate. An SN2 type mechanism would have lead 
to inversion of configuration and the two epimers of the starting material would 
have given different products. The synthesis of (-)-a.-Conidendrin is outlined in 
scheme 23. 
H 
MeO 
HO 
MeO 
HO 
(53) 
OBn 
MeO 
.------~ 
HO 
1. BF3 0Et2 / 
40 m. at RT. 
2. Deprotect 
94% Yield 
Scheme 23 
.. 
.------~ 
o 
MeO 
HO ~ H 
(54) () 0 
YOMe 
(-)-Conidendrin OH 
Pelter et at performed similar cyclisations in the synthesis of the lignan (-)-4-
deoxyisopodophyllotoxin (56) from synthetic (-)-6-epi-podorhizol (55). 
equation 22. as well as with a number of analogues. The cyclisation gave rise 
to only one diastereomer in quantitative yield.72 
TFA 
(55) • (56) 
R4 R4 
(-)-6-epi- podorhizol (-)-4-deoxyisopodophyllotoxin 
Rl = R2 = O-CH2-0. R3 = R4 = R5 = OMe 
Equation 22 
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The antineoplastic agent epipodophyllotoxin (58) was synthesised in a similar 
manner to (-}-4-deoxyisopodophyllotoxin (56), but with a different chiral relay.73 
Again a single diastereomer was produced in the cyclisation of (57) as shown in 
scheme 24. 
o 
R2 I "",,'\( 
• 0 
(58) () 
R3~R5 
R4 
(-}-epipodophyllotoxin 
(i), (ii) 
• 
(i) TMSCII Et:J'l 
(ii) MsCl1 EbN 
(iii) TBAF I THF 
(iv) DCC I DMAP I DCM 
R' = R2 = O-CH2.Q, R3 = R4 = R
5 
= OMe 
Scheme 24 
The final stage of the synthesis of the bis-indole alkaloid Yuehchukuene74 (60) 
was achieved by an asymmetric Friedel-Crafts reaction from the alcohol (59) in 
scheme 25. As expected, treatment of the alcohol with acid leads to the 
carbenium ion, stabilised by the indole ring. This is attacked by indole on the 
least hindered face of the carbenium ion. 
A much simpler but low yielding synthesis of Yuehchuene is available from 1-(3-
indolyl)-3-methylbutadiene (61). The reaction sequence is complex but is 
thought to proceed initially via a Diels-Alder reaction in a process that mimics the 
biosynthetic pathway.75 
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Me Me 
W I indole 
• 
(59) (60) 
Yuehchuene 
Scheme 25 
1.4.9 Asymmetric Ketal Rearrangement Reactions 
Although not a direct Friedel-Crafts alkylation reaction, workers such as Piccolo 
developed a way introducing a chiral centre next to an aromatic ring. The 
procedure involves a Friedel-Crafts acylation reaction with a chiral acid chloride. 
This is followed by ketalisation of the ketone and finally Lewis acid catalysed 
rearrangement to a chiral a-aryl carboxylic acid derivative. This approach has 
been used in the synthesis of optically pure Ibuprofen76, scheme 26. 
The mechanism of the ketal rearrangement is thought to be as shown in scheme 
27. It is envisaged that the reaction proceeds in a concerted manner, resulting in 
inversion of configuration and loss of methyl chloride to give the aryl propionate 
(62).63.77 
I ~ I.-cl ~+Clr JC'H 
Me 
MeO OMa 
Cl 
AICI3/DCM 
QOC - SOC 
1. ZnCI2 
Toluene 
• 2.H+ 
• 
Scheme 26 
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HC(OMeh 
MaOH 
H2S04 
C02H 
(R)-Ibuprofen 
• 
MeO OMe 
)( _Cl 
Ar- Y 
Me 
ZnC~ 
• 
MeO ~ M~. 
Ar5r--- t'CI ~" . -- ~ "/ H CI· •.•• Zn 
Me 'Cl 
(62) C02Me 
__ .~ I + MeCI 
Ar ...... 'H 
NaOMe 
MeOH 
• 
• 
Me 
Scheme 27 
COCI 
H~Me 
MsO 
MeO OMe 
Me 
I OH 
(63)H 
Me 
MsCI 
Pyridine 
.. 
isobutyl benzene 
PhN02 / FeCI3 
• 
NaOH 
.. 
Scheme 28 
MeO 
• 
KOH 
o 
OMe 
Me 
• 
Me 
OMs 
... 802 
o " (64) Cl 
Me 
C02H 
(R)-Ibuprofen 
Yamauchi et a/ used a similar approach to the synthesis of Ibuprofen, from (8)· 
(+)-Iactic acid, shown in scheme 28. The ketal rearrangement involved treating 
the alcohol (63) with suifuryl chloride to generate the chlorosulfonyl derivative 
(64), which spontaneously rearranges, presumably with the loss of sulfur dioxide 
and methyl chloride, to give the methyl ester of Ibuprofen (65).78 
A different approach was used by Tsuchihashi who resolved a racemic aryl acetal 
by formation of the camphor derivative (66) followed by crystallisation to 
separate the diastereomers. The resulting optically pure ketals underwent the 
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ketal rearrangement to give the methyl ester (67) in 100% ee an in equation 
22,18 Subsequent hydrolysis gave the non-steroidal antiinflamatory compound 
Naproxen.79 
MeO 
MeO 
I CaC031 H20/DMF Me 
= 
= 
Equation 22 
1.5 Vilsmeier-Haack Reactions 
o (66) 
The "Friedel-Crafts" reactions of amides is known as the Vilsmeier-Haack 
reaction.3 The main differences between the two are that activators such as 
phosphoryl chloride are used to promote the Vilsmeier-Haack reaction instead of 
Lewis acids and the mechanism, (although not completely understood) is slightly 
different. The range of aryl compounds that can be acylated or formylated is also 
somewhat less. 
1.5_1 Vllsmeler Formylatlon 
This is a useful method for introducing a formyl group into a nucleophilic aromatic 
compound. The amides, NMFA or DMF, with phosphoryl chloride are the most 
frequently used reagents, however there is no reason why similar formamides 
and different activators should not work.2.3 With unreactive aromatics such as 
benzene, alkylbenzenes, naphthalene or para-substituted aryl ethers, the 
reaction fails, whereas nucleophilic aromatic compounds like azulene, phenol, 
N,N-dimethylaniline and indole all give the expected products in 80%, 85%, 
50% and 97% respectively.so 
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1.5.2 Mechanism of the Vllsmeler·Haack Formylatlon 
The structure of the intermediates involved in this reaction have been studied at 
length. There is however some controversy about the precise nature of the 
formylating agent. Two mechanisms have been proposed and are shown in 
schemes 29 and 30. 
° ° 
0· 
R2NJlH 
11 R2N1 ",p_C, + CI-~"'CI • ' ..... CI Cl H Cl ! (II~ 
(iii) (Iv) R2N't'0,1I 
• ~ P-CI , 
H Cl 
NR2 NR2 (68) 
OP9CI3 OPOCl2 
;Y 
(vi) (vii) 
• • 
(I) PhNMe2' (11) -cr. (iii) -cr. (Iv) PhNMe20 
(v) --OPOCI2• (vi) -Wo (vii) "OH I HP 
Scheme 29 
(69) H 
RN~CI-
2+ 
(i) -cr. (ii) - ·OPOCI2 
(ii) 
-
° R2N~Q...1I (I'J ~-CI 
cr H Cl 
Scheme 30 
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+ 0· 
- R2NyO"'p_CI 
' ..... CI 
H Cl 
+ ° R2N
y
O,11 
-
P-CI , 
H Cl 
-
It is unclear whether the alkylating agent is the phosphoiminium salt (68) as in 
scheme 29, or whether it is the chloroiminium salt (69) as in scheme 30. 
Work with N,N-dialkylthioformamides81 showed considerably differing results 
when compared with the corresponding N,N-dialkylformamides, in terms of the 
yield and the reactivities. This has lead to the conclusion that the intermediate 
iminium ion is not a phosphorus free species. However, there is evidence that 
the reaction proceeds via a phosphorus free intermediate, with an anionic 
phosphorus residue.82 The low field proton NMR spectra shows none of the 
expected 1 H to 31 P spin-spin coupling, although this does not prove the 
structure.80 
1.5.3 Reglochemlstry of the Vllsmeler-Haack Reaction 
The formylation of anisole with DMF - phosphoryl chloride is claimed to give 
exclusively 4-anisaldehyde in 70% yield83 and generally gives substitution 
products in electron rich benzenoid aromatic compounds with the formyl group 
para- to the electron releasing substituent. If the para- pOSition is unavailable, 
artha- substitution takes place but in lower yield.83 As expected, formylation of 
indole, thiophene and furan occurs in the 3-, 2- and 2- positions 
respectively.84,85,86 
0 dC"O 0 1. POCI3 0-
Me2NAH 
r ~ N .. N CHO + 
I 2. -OH/H2O I N R R (70) I 
R (71 ) 
Equation 23 
R Yield Ratio of 
% (70) : (71) 
Me 89 (70) only 
Et 85 11.5 : 1 
PhCH2 89 6.2: 1 
P~ 79 1.9: 1 
But 69 1 : 14 
Table 2 
With 1-substituted pyrroles, formylation gives a mixture of 2- and 3- isomers, as 
shown in equation 23 and table 2.87 As can be seen, the proportion of the 3-
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isomer formed in the reaction depends upon the steric bulk of the group attached 
to the nitrogen atom. With a N-tnisopropylsilyl group attached to the pyrrole, 
formylation occurs exclusively at the 3- pOSition in 97% yield with N,N-
dimethylchloroiminium chloride.21 
1.5.4 Extensions to the Classical Vilsmeler Haack Reaction. 
As an alternative to formylation, acylation has been much less studied. An 
example is the reaction of pyrrole with the amide (72) and phosphoryl chloride.88 
The initial product of the reaction, (73) can be hydrolysed to the ketone (74) or 
reduced with sodium borohydride to the 2-benzylpyrrole (75).89 This is shown in 
scheme 31. 
POCI3 
• 
OPOC~' 
~QyPh (74) 
H 0 
~!n. 
( .. ~Ph (75) 
N 
H 
Scheme 31 
A second extension to the classical Vilsmeier-Haack is the use of activators other 
than phosphoryl chloride. Ferre90 investigated the use of thionyl chloride as an 
activator. Whereas phosphoryl chlonde - DMF "complexes" exist mainly as the 
iminium ions (76) or (77),91 thionyl chloride - DMF "complexes" exist in the 
covalent form (78) and can be isolated.gO This is shown in scheme 32. 
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ox 
+ / 
Me2N=CH 
·CI 
(76) 
Reagents: X = ·POCI2 or ·SOCI 
(78) 
Scheme 32 
+ /CI 
Me2N=CH 
·OX 
(77) 
With oxalyl chloride as the activator, scheme 33, N, N-
dimethylchloromethyleneiminium chloride (79) is formed by loss of carbon 
dioxide and carbon monoxide.92 
(COCI)2 
Me2N -CHO .::;;:::-
O(COhCI 
+ I 
Me2N=CH ~ 
"Cl 
o @¥Q 
Me N-C~ ( Cl 2.J\ 0 
Cl 
Scheme 33 
-
-
Cl 
+ / 
Me2N=CH 
·CI (79) 
A way of improving the potency of the iminium ion in the Vilsmeier-Haack 
formylation is by the use triflic anhydride as the activator.93 The electron 
withdrawing effect of the tnfluoromethanesulfonyl group in the iminium ion leads 
to an increase in its electrophilicity and hence it is capable of reacting with 
naphthalene or mesitylene at higher temperatures whereas the classical 
Vilsmeier-Haack reagents do not. A second bonus is that the counter ion is 
triflate, therefore the intermediate (80) will remain in the ionic form. This is 
shown in scheme 34. 
OS02CF3 
+ I 
Me2N=CH 
(80) 
·OS02CF3 
Scheme 34 
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1.001 ~ 
::::". .& 
.. 
~o 
~ 
Yield = 50% 

2.1 Introduction 
Chapter 2 
Results and Discussion 
The objectives of the work presented in this thesis were to develop new 
methodologies for the alkylation of aromatic and heteroaromatic compounds to 
form mono·aryl alkoxy and diaryl acetates, one of the routes for which is shown in 
scheme 36. 
o 
Meo~OMe 
Cl 
Lewis Acid • 
o (81) 
Meo~OMe 
Ar' 
Stage 1 
Scheme 36 
~-H 
Lewis Acid • 
1 (8_2~r2 
MeO~ "I 
Ar' 
Stage 2 
It was envisaged that methods would have to be developed to control the reaction 
either to stop it at stage 1, or allow it to proceed through to stage 2. 
Studies by Gross94 had shown that methyl chloromethoxyacetate reacts with less 
reactive aromatic compounds such as benzene, chlorobenzene, toluene and 
naphthalene to form the mono-aryl compound (81) and only affords the diaryl 
compound (82) under forcing conditions. The only reported examples involving 
electron rich aromatic compounds that were quoted were with 4-substltuted 
phenols which can be stopped at stage 1 because of coordination 
effects.68.69.70.95 Examples with more reactive aromatic compounds were not 
investigated by Gross, presumably because of the strong tendency for the 
formation of diaryl compounds (82), as will be explained later. 
Similar work has been performed by Tamura et al,40 who was able to alkylate a 
wide range of aromatic and heteroaromatic compounds with ethyl 
chloro{methylthio)acetate (83) to give the product (84) without formation of diaryl 
products, equation 24. 
o 
EtO~SMe 
Cl (83) 
Ar-H 
• 
o 
EtO~SMe 
Ar (84) 
Reagents: Ar = thiophene, furan, N· methylpyrrole, anisole, and toluene. 
Equation 24 
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Desulfurisation of (S4) by either Raney nickel or zinc in acetic acid allowed the 
preparation of a number of aryl acetates with potential antiinflammatory 
properties. 
2.2 Uncontrolled Frledel-Crafts Reactions of Glyoxylic Acid 
Derivatives 
2.2.1 Preparation of Glyoxylic Acid Derivatives 
Methyl dimethoxyacetate (93) and subsequently methyl chloromethoxyacetate 
were prepared by modified procedures based on work by Gross.94 Starting from 
dichloroacetic acid, (93) was synthesised in 70- 80% yield as follows in scheme 
37. 
CI2HC·C02H NaOMe (MeOhHC-C02 Na H-CI .. 
(MeOhHC-C02H 
(SS) \ 
.. MeOH 
MeOH (MeO)2HC-C02 Me .. 
H-CI 
SO% 
(93) 
MeOH 
• (MeO)2HC-C02 Me SOCI2 
70% 
_P_C...:ls'-----1... (MeO) Cl HC-C02 Me 95% 
Scheme 37 
As expected the carbonyl group in methyl dimethoxyacetate or dimethoxyacetic 
acid is very electrophilic and is readily esterified or saponified with methanol or 
water respectively, provided a trace of acid or base catalyst is present.96 These 
two reactions go to completion in less than 2 minutes at room temperature. 
Unfortunately, the acid catalysed saponification of methyl dimethoxyacetate also 
results in the hydrolysis of the acetal function and therefore gives poor yields.96 
The synthesis of dimethoxyacetic acid (85) was achieved in 80% yield by careful 
neutralisation of the sodium dimethoxyacetate in scheme 37 with ethereal 
hydrogen chloride, making sure methanol and water were rigorously removed 
from the reaction vessel. This is the only known high yielding synthesis of this 
compound. 
The modified procedure for methyl dimethoxyacetate in scheme 37 involving 
acid catalysed esterification gave an improved yield as compared to that of the 
original procedure reported by Gross using thionyl chloride.94 A second problem 
encountered with the original Gross procedure was that the initial displacement of 
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chloride with methoxide did not go to completion. This resulted in the product 
being contaminated with methyl dichloroacetate and consequently It was difficult 
to separate by distillation. This was overcome by increasing the amount of 
sodium methoxide used and by increasing the reaction times. 
2.2.2 Frledel·Crafts Reactions With Benzenold Aromatic 
Compounds 
Friedel·Crafts alkylation of benzene with methyl chloromethoxyacetate 
proceeded smoothly in accordance with Gross's results94 to give methyl 
phenylmethoxyacetate, but, using titanium tetrachloride as the Lewis acid, an 
improved yield of 85% was obtained. In addition it was found that methyl 
dimethoxyacetate underwent a similar reaction, shown in equation 25 and 
table 3. The more oxophilic Lewis acid trimethylsilyl triflate was found to give 
belter results than titanium tetrachloride in this reaction. 
o 
0"-':: ~OMe + MeO b X Lewis Acid • Reflux 
Equation 25 
Lewis X Reaction Temperature 
Acid Time 
TiCI4 Cl 24h 40°C 
TiCI4 OMe 24h 80°C 
TMSOTf OMe 40h 80°C 
Table 3 
OMe 
OMe 
Yield 
85% 
51% 
77% 
Similarly, toluene is alkylated with methyl chloromethoxyacetate to give the two 
regioisomers (86a) and (86b) in 86% overall yield, equation 26. This reaction 
is less selective than the corresponding reaction of ethyl chloro(methylthio)acetate 
which gives an artha- to para- ratio of 1.0 : 4.040 compared with 3.6 : 5.0 for the 
equivalent reaction of methyl chloromethoxyacetate. 
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Me 0 Me OMe OMe 6 MeO~OMe OMe OMe + (i) + .. Cl Me 
Reagents: (i) TiCI4, DC M, 12 hours, reflux. 
Equation 26 
Both methyl chloromethoxyacetate and methyl dimethoxyacetate alkylate para-
xylene in good yield to give the mono-aryl compound (87); only one regioisomer 
can be formed, as shown in scheme 38. If the reaction is carried out at higher 
temperatures, the diaryl acetate (88) can be formed, whereas with benzene or 
toluene this reaction does not occur. Two possible reasons for this are either that 
para-xylene is more nucleophilic than benzene and toluene or that the 
Intermediate mono-aryl compound (87) is more reactive than the analogous 
compounds derived from benzene or toluene. 
0 Me OMe 
AroMe 
para- Xylene OMe SnCI4 /DCM MeO .. 64% Yield 
Cl 48h I Reflux 
Me 
0 
AroMe 
para -Xylene 
MeO TiCI4 /DCM 
.. (87) 80% Yield 
OMe 12h I Reflux 
\ para -Xylene .. 
Me C02Me 
Me 
(87) + 
TiCI4 Yield = 48% 80°C 124h 
Me (88) 
Yield = 31% 
Scheme 38 
The reaction of para-dimethoxybenzene with methyl chloromethoxyacetate can 
be stopped at the mono-aryl stage (89) in very good yield (80%) by careful 
monitoring of the reaction. Care needs to be taken because the rate of the 
reaction of (89) with a second molecule of para-dimethoxybenzene is 
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qualitatively only slightly less than the rate of the first reaction and hence some 
methyl bis(2,5-dimethoxyphenyl)acetate is formed (8% yield). This is shown in 
equation 27. 
OMe OMe OMe 
0 OMe Meo~OMe SnCI4 /DCM + diaryl + • product in 2h 10°C 8% yield Cl 
OMe OMe 80% Yield 
Equation 27 
With aromatic compounds that are more reactive than para-climethoxybenzene, 
extreme difficulty is encountered in trying to isolate mono-aryl products of the type 
(81). This is because they react with a second molecule of the aromatic 
substrate at a faster rate than the initial reaction of the chloromethoxyacetate with 
the aromatic compound. Consequently the concentration of (81) in the reaction 
will be very low. 
From these results two general trends can be seen. As expected, the rate of the 
first stage reaction qualitatively depends upon the nucleophilicity of the aromatic 
compound. This suggests that an SN2 type mechanism is operating. An SN 1 type 
mechanism would be largely dependent upon the rate of ionisation of the 
alkylating agent and not dependent on the nucleophilicity of the aromatic 
compound. 
Secondly, the rate of the reaction of (81) with a second aromatic compound is 
dependent on the nature of the aryl group Arl in (81). Where Arl is electron 
releasing, the rate of the "second stage" reaction is faster than if it were not 
electron releasing. Also the rate of this "second stage" reaction is independent of 
the nucleophilicity of the aromatic reactant, provided it is reasonably nucleophilic. 
If not, no reaction occurs. This suggests that an SN 1 type mechanism is 
operating. Further evidence in favour of these two mechanisms will be given in 
chapter 4. 
2.2.3 Reactions of Anisole 
The reactions of anisole with glyoxylic acid derivatives is slightly more complex 
than in the previous reactions. Alkylation of anisole with methyl 
chloromethoxyacetate gave rise to only two products, as in scheme 39. These 
were methyl (2-methoxyphenyl)methoxyacetate (90) and methyl bis(4-
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methoxyphenyl)acetate (92), each of which was isolated in 47% yield (94% total 
yield). None of the expected methyl (4-methoxyphenyl)methoxyacetate (91) was 
present in observable amounts. When the reaction was quenched at low 
conversion, (91) could be isolated in low yield and separated from (90) by 
reversed phase preparative HPLC. 
With the reactions of methyl dimethoxyacetate with anisole, a similar situation 
exists. Only (90) and (92) can be isolated in similar amounts. Again the 
compound (91) could not be isolated since the rate of formation of (91) was very 
much less than its rate of reaction with a second molecule of anisole. 
Three important points arise from this reaction: 
(i) The amount of artho-substitution is very high in the first stage of the 
reaction, 
(ii) The para-isomer (91) is very much more reactive than the ortha-isomer 
(90), and 
(iii) The "second stage" of the reaction apparently gives exclusively para-
substitution. 
OMe 
6 C02Me I: + Meo.J..CI 
, OMe OMe OMe SnCI4/DC~ , ~C02Me + ~C02Me 
1h'atO'C V (90) MeoJl..) (91) 
Yield = 47% Not Isolated 
Yield = 47% C02Me / 
(92) 
MeO OMe 
Scheme 39 
The reasons for the formation of large amounts of the artha-isomer are not 
entirely clear. Two possible explanations can be suggested. 
(i) Alkyl halides with a-electron withdrawing groups are very unselective 
alkylating agents in the Friedel-Crafts reaction.1 A possible explanation of this is 
that the reaction is largely charge controlled and since the the greatest electron 
density lies in the ortho-positions of anisole, artho-substitution is favoured.37 In 
general, the harder the electrophile, the greater the degree of artho- substitution. 
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(ii) There is the possibility of Lewis acid complexing to both the alkylating agent 
and anisole, resulting in the alkylating agent being held close to the ortho-
position of anisole and hence leading to a high proportion of the ortho-
substituted product.95 NMR evidence shows that both anisole and methyl 
chloromethoxyacetate form stable complexes with tin tetrachloride, from the 
downfield shift of all the methyl protons. This concept is shown in scheme 40. 
With the thiomethyl ether in place of the methoxy ether,40 the ratio of ortho- to 
para- substitution is 2.0 : 5.0. This greater selectivity may arise because the 
sulfur atom is less able to coordinate to the tin tetrachloride. 
OMe OMe 
• ~C02Me V (90) 
The reason why the ortho-isomer (90) is less reactive than the para-isomer 
(91) is unclear. It seems unlikely that the cations derived from (90) and (91) are 
vastly different in energy since they have the same number of canonical forms 
and hence would not be expected to have differing reactivities. A more 
satisfactory explanation is that tin tetrachloride forms a chelated complex70 with 
(90) which reduces the electron density in the aromatic ring. Such a complex is 
not as feasible for the para-isomer (91) and so its aryl methoxy group is free to 
donate its electrons into the aromatic ring and form the cation more readily. This 
is shown in scheme 41. 
OMe 
o SnC~ 
• 
MeO 
Me'O,_-SnCI4 
'J '. 
m,...... ~o rl: OMe MeO 
Scheme 41 
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NMR studies of the complexes of (90) and (91) with tin tetrachloride show that 
the aryl methoxy of (90) is deshielded more than the aryl methoxy group in (91), 
whereas the protons in the methoxyacetate group in (90) are deshielded less 
than in (91). This suggests that (90) is predominantly coordinated to the tin 
through both methoxy oxygen atoms and the ester group and that (91) is 
coordinated to the tin through the alkyl methoxy oxygen atom and the ester group. 
In the reaction of the cation derived from (91) with a second mole of anisole, 
substitution apparently occurs exclusively in the para-position on anisole. This 
is thought to be due to a combination of having a very large electrophile which for 
steric reasons will prefer attack at the the para-position. Also the cation would 
be expected to be a very soft electrophile since the positive charge is spread out 
over eight atoms. The position of aromatic substitution with soft electrophiles is 
governed by frontier orbital effects. Since the highest frontier orbital coefficient is 
in the para-position in anisole, substitution takes place in the para-position.37 
5.20 OMe 5.58 
(0.38) 
OMe 
3.72 
3.89 
(0.17) 
Key: ~/ppm 
OH / ppm + SnCI4 
(~l)1 ppm) 
3.85 
4.13 
(0.28) 
3.40 
3.78 
(0.38) 
4.72 
5.26 
(0.56) 
MeO 
3.72 
3.86 
(0.14) 
NMR Data for (90) and (91) 
3.80 
4.15 
OMe (0.35) 
3.38 
3.85 
(0.47) 
2.2.3 Frledel·Crafts Reactions With Heteroaromatic Compounds 
With 1t-excessive heteroaromatic compounds, alkylation with methyl 
chloromethoxyacetate generally results in the formation of the diaryl acetate (82). 
Since hydrogen chloride is given out in the reaction, acid catalysed side 
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reactions are frequently encountered, particularly with pyrroles, indoles and 
furans.38•97 
The problems of alkylating heteroaromatic compounds are exemplified by the 
reaction of N-methylindole with methyl chloromethoxyacetate using zinc chloride 
as the Lewis acid. Three products (93), (94) and (95) arose from the reaction in 
19%, 32%, and 68% yields respectively. 
o 
Meo~OMe 
(93) OMe 
A reasonable mechanistic sequence is shown in scheme 42. The first step is 
thought to be a Lewis acid catalysed SN2 displacement of chloride ion by N-
methylindole to form (96). This is then protonated and loses methanol to form a 
cation which is trapped with a second molecule of N-methylindole. 
_...... Cl ---- ZnC'2 
~~h Meo~'co:Me 
~J 
Me 
MeO 
OMe 
• 
• 
• 
.. 
Scheme 42 
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The intermediate mono-indolyl compound (96) is extremely acid sensitive and, 
for example, was found to react with N-methylindole to form (95) during 
chromatographic separation on silica gel, unless precautions were taken. In this 
reaction the compound (96) was not isolated because the rate of the reaction 
with a second molecule of N-methylindole was vastly greater than its formation. 
The two side products arise by the route shown in scheme 43. The methanol 
given off in the "second stage" of the main reaction reacted with methyl 
chloromethoxyacetate to form methyl dimethoxyacetate (93). The dimerisation of 
indoles in acid is a well known reaction.97 It is thought to proceed by protonation 
of the indole nucleus in the 3-position, to form an iminium ion. This cation reacts 
with a second molecule of the indole in a Mannich type reaction to form the dimer 
(94). 
OjH-eJ I I .::;:.= 
:::::,... NJ , 
Me 
H 
~ H 
o 
--i'~ Meo~OMe + H-CI 
(93) OMe 
• 
,+ 
Me I ~ 
N .& , 
Me 
Scheme 43 
The reaction of indole with methyl chloromethoxyacetate is very similar to that of 
N-methylindole, except that the yield of methyl di-3-indolylacetate is slightly 
lower (64%) and the indole dimer is formed in larger quantities (40%). 
Pyrroles as exemplified by N-methylpyrrole behave in a similar manner to the 
indoles, except that both 2- and 3- regioisomers can be formed. Similarly, a 
number of acid catalysed polymerisation products of N-methylpyrrole can be 
formed. A typical reaction is shown in equation 28. 
Only two dipyrrolyl acetates were isolated in a combined yield of 54%. The two 
products were the 2,2'· (97) and the 2,3'- (98) linked dipyrrolyl acetates in a ratio 
of 3.0 :2.0 respectively. None of the 3,3'- linked product was detected. This 
implies that one of the two stages of the reaction proceeds with substitution 
exclusively in the 2- pOSition on the pyrrole nucleus. 
• 52 
o 
N 
I 
Me 
ZnCI2 /THF 
• lh I DOC N 
C02Mel Me 
(97) 
Equation 28 
+ 
With 2-methylfuran, problems arose from both protic acid and Lewis acid 
catalysed decomposition of the furan ring. When the reaction was stopped at 
between 5% and 10% conversion, methyl (5-methyl-2-furyl)methoxyacetate (99) 
was detected in 1 % yield. 
A reaction was allowed to proceed to completion and methyl bis(5-methyl-2-
furyl)acetate (100) was then isolated in 46% yield, as shown in scheme 44 . 
n 
MeAo» 
.. 
(MeO)CI HC-C02Me 
ZnCI2/THF 
.. 
lh at 20°C 
C02Me 
..lilt OMe 
Me ........ "o/, 
(99) C02Me 
Scheme 44 
n 
MeAo» 
• 
The reaction of thiophene with methyl chloromethoxyacetate requires stronger 
Lewis acids than zinc chloride because thiophene is less reactive than the 
heterocycles which have been previously discussed. With one molar equivalent 
of Lewis acid such as aluminium chloride, zirconium tetrachloride, or tin 
tetrachloride, the reaction resulted in the formation of four products. As expected, 
methyl di-2-thienylacetate (101) was the major product, formed in 54% yield. 
However we were surprised that, methyl (3-thienyl)methoxyacetate (102) as well 
as the terthienyl (103) and the tetrathienyl-compound (104) were also formed; 
we isolated them in 10%, 21%, and 4% yields respectively. 
Evidently the 3-isomer (102) is considerably less reactive than the 2-isomer 
(105); presumably this is because the cationic intermediate formed by loss of 
methanol would be of higher energy due to less resonance stabilisation. This is 
shown in scheme 45. The 2-isomer (105) could not be isolated and went on to 
alkylate thiophene, methyl di-2-thienylacetate (103) and the other products of the 
reaction. 
53 
OMe - MeOH 
(105) 
OMe 
r!C02Me _H:....;.+_. o I. -MeOH S (102) 
Scheme 45 
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2.3 Controlled Frledel-Crafts Reactions of Glyoxylic Acid 
Derivatives 
The following observations were made about the uncontrolled reactions: 
(i) For x-excessive aromatic compounds, the reaction with methyl chloro· 
methoxyacetate generally gave rise to the diaryl acetate (82). 
(ii) If the same diaryl acetate (82) was made from the corresponding mono-aryl 
methoxyacetate (81). the reaction was either very slow or did not work. 
Examples of this involving terpenyl esters, which were found to behave in a 
similar manner to the analogous methyl ester are illustrated in scheme 46. 
SnCI4/DC~ 
1h at O°C 
OMe OMe 
~C02R+ U (106a-c) 
OMe 
~C02R 
MeoJJ (1 07a-c) 
Not Isolated 
OMe 
R = (-)-Bomyl (1 06a-1 08a). 
(+)-Isomenthyl (1 06b-1 08b). 
(-)-Menthyl (1 06c-1 08c). 
SnCI4/ DC~ No Reaction 
1h at O°C 
Scheme 46 
The main difference between the two reactions shown in scheme 46 is that the 
reaction that failed did not contain any hydrogen chloride. It was found that 
adding a catalytic amount of hydrogen chloride to the reaction resulted in the 
conversion of (107a-c) to (108a-c) in typically 90% yield. Using just Hel as the 
catalyst. the compound (107a) reacted only very slowly with meta· 
dimethoxybenzene (8% yield after 2 hours at O°C) and in order to get a good 
yield. the reaction mixture had to be heated under reflux in dichloromethane. 
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These observations le'd, to the conclusion that the "second stage" reaction tie 
that of (107a-c) to give (108a-c) I is synergistically catalysed by both protic and 
Lewis acids. This conclusion is not surprising since Olah7(b) and others98 have 
pointed out that the alkylation of benzene. with aluminium chloride as the Lewis 
acid does not work if the conditions were absolutely anhydrous. There must be a 
co-catalyst. normally water. present in the Friedel-Crafts reaction. 
If this hypothesis is correct. then adding a compound to remove the acid would 
allow the "second stage" reaction of the chloromethoxyacetates to be retarded. 
Numerous Friedel-Crafts reactions were performed with "acid scavengers" 
present to see if the reactions of methyl chloromethoxyacetate could be controlled 
and hence give mono-aryl products. 
2.3.1 Acid Scavengers for Frledel·Crafts Reactions 
A suitable "acid scavenger" for a Friedel-Crafts reaction must be able to react with 
the acid given off at a fast rate. not unduly inactivate the Lewis acid or take place 
in alternative Friedel-Crafts reactions. These problems are exemplified as 
follows: 
(i) Organic amines (bases) readily form insoluble complexes with many Lewis 
acids and hence inactivate them. For example tin tetrachloride forms mono- and 
bis- amino tetrachloro complexes which are insoluble yellow sOlids.99 Even 
sterically hindered bases such as Hunig's base or 2,6-di-tert-butylpyridine suffer 
from this problem. 
(ii) Inorganic bases such as metal carbonates or hydrogen carbonates are 
usually completely insoluble in nearly all Friedel-Crafts solvents and tend to 
inactivate the Lewis acid. Potassium carbonate is completely insoluble in 
dichloromethane and readily reacts with tin tetrachloride to inactivate it. However 
despite these problems, such heterogenous systems have been shown to work 
with limited success as will be shown later. 
(iii) Non-basic "acid scavengers" are a possible solution. One possibility is 
propylene oxide, but this cannot be used since it is good alkylating agent and will 
itself undergo Friedel-Crafts alkylation reactions.55(a).56 
One such reagent that did not seem to possess these disadvantages was bis-
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trimethylsilylacetamide (BTMSA) (109).100 This reagent reacts with the 
hydrogen chloride given off in the Friedel-Crafts reactions to produce the two 
products shown in equation 29, acetamide (110) and chlorotrimethylsilane 
(111). Neither of these two products were expected to unduly interfere with the 
reaction. Some care has to be taken in judging when the reaction is complete 
since chlorotrimethylsilane is an oxophilic Lewis acid and has been known to 
catalyse similar reactions.101 
2 HCI 
• 
o 
Me)lNH2 + (110) 
2 Me3Si-CI 
(111 ) 
Equation 29 
2.3.2 Controlled Reactions With Benzenold Aromatic Compounds 
Some of the previous reactions that gave rise to diaryl acetates were repeated in 
the presence of approximately 0.7 equivalents of BTMSA (109). 
The reaction of anisole, equation 30, gave rise to the mono-aryl acetates (90) 
and (91) in 74% total yield, with the "second stage" reaction of (91) with a 
second molecule of anisole almost completely suppressed. The ortho-isomer 
(90) was produced as the major product but in greater proportion than in the 
BTMSA free reaction, lending more support to the concept that proton sources 
play an important but not entirely clear role in the Friedel-Crafts reaction.1(b) 
OM OMe OMe 
e SnCI./DCM &c: 6~ + ~2Me 0.8 eq BTMSA. I ~ C02Me ~ MeO Cl 2h at 20·C 0 (90) 
Yield =42% 
Equation 30 
OMe 
+ ~C02Me 
Meo)l) (91) 
Yield =32% 
Similar reactions with para- and meta- dimethoxybenzene proceed smoothly 
and gave the mono-aryl products 1n-88% and 80% yields, equation 31 and 32. 
With para-dimethoxybenzene, only one regioisomer is possible (112), but as 
with anisole, two different regioisomers were isolated in the reaction of meta-
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dimethoxybenzene; a small but significant amount (10% yield) of methyl (2.6-
dimethoxyphenyl)methoxyacetate (114) in addition to the expected 2',4-isomer 
(113). This is surprising considering that there is considerable steric hindrance 
to attack between the two methoxy groups and other factors such as Lewis acid 
coordination effects may be important in this case. Also a small amount (10% 
yield) of the diaryl acetate (115) was isolated. Without BTMSA added, (115) is 
the only detectable product in this reaction. 
OMe Q + 
OMe 
0 
JYOMe 
SnCI4 /DCM 
MeO 0.6eq BTMSA 
• Cl 2h 10°C 
Equation 31 
.1 _ SnCI4 /DCM 
MeO' l(oMe_o_.7_~ __ B_T_M_SA~.~ 
Cl 2h I-40°C 
OMe OMe 
OMe 
no diaryl 
product 
formed 
OMe 88% Yield 
OMe OMe 
OMe 
MeO 70% Yield 
OMe OMe MeO 
OMe 
o (114) 
OMe 10% Yield MeO 
Equation 32 
Yield = 10% 
(115) 
OMe 
2_3.3 Controlled Reactions With Heteroaromatic Compounds 
In order to test the versatility of the methodology for controlling the Friedel-Crafts 
reaction of methyl chloromethoxyacetate using BTMSA, it was decided to 
investigate reactions with a number of 7t-excessive heterocycles. This was 
envisaged to be a good test of the procedure owing to the extreme acid sensitivity 
of both the substrates and the mono-aryl acetates. 
The reaction of N-methylindole, controlled with BTMSA gave the mono-indolyl 
acetate (96). in 60% yield, without any of the diindolyl acetate (95) being formed, 
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equation 33. A second bonus with this reaction was that the side reactions 
leading to the formation of the indole dimer (94) were completely suppressed. 
If the reaction was allowed to warm up, or proceed to completion, the diindolyl 
acetate (95) can be isolated in much better yield than when there was no 
BTMSA added, as shown in equation 34. 
OJ 
I 
Me 
OJ 
I 
Me 
o 
+ MeO~OMe 
Cl 
ZnCl,1 0.7 BTMSA 
THF/8h/OoC • 
Equation 33 
ZnCI2 
o 0.7 BTMSA 
+ Meo~ OMe THF • 
Cl 4h/RT 
Yield = 60% 
N 
I I 
Me (95) Me Yield = 90% 
Equation 34 
The analogous reaction with indole was slightly more complicated. The reaction 
proved difficult to control and gave a mixture of regioisomers. It was possible to 
isolate the mono-indolyl acetates (116) and (117) in 37% and 4% yields 
respectively, by using a catalytic amount of lewis acid and excess BTMSA, 
equation 35. It is known that BTMSA silylates indole on nitrogen100 and this 
may be affecting the main Friedel-Crafts reaction. 
OJ 
H 
Methyl chloro-
methoxyacetate 
0.1eq ZnCI2 
1.0eq BTMSA 
• 
THF, 24h at 20°C 
Yield = 37% 
Equation 35 
OMe + 
Yield = 4% 
The reaction of thiophene can be controlled to give a mixture of mono-thienyl 
acetates (102) and (105) in 6% and 54% yields respectively, equation 36. 
The ratio of the 2- to 3- isomers is the same as in the uncontrolled reaction, 
showing that substitution in the 3-position on the thiophene nucleus giving (102) 
only arises during the initial displacement of chloride. 
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1 _Cl 
MeO'1' 
OMe 
SnCI4 
O.7eq BTMSA 
.. 
OyOMe 
18h at -25°C (10S) C02Me 
Equation 36 
OMe 
+ dC02Me ~ ~ 
S (102) 
With 2-methylfuran, the reaction shown in equation 37 results in extensive 
decomposition of the furan ring. Despite this, methyl (5-methyl-2-
furyl)methoxyacetate (99) was isolated in 26% yield. 
n+ Me-,o/ 
o 
Jl _Cl 
MeO' Y 
OMe 
ZnCI2 /THF 
O.7eq BTMSA 
.. 
12h at 20°C 
Equation 37 
fl OMe 
Me""-"O''y 
(99) C02Me 
2.3.4 Controlled Reactions With N·Substituted Pyrroles 
By varying the substituent in the 1-position on pyrrole, it was possible to 
investigate how this affected the ratio of 2- to 3- substitution. N-benzylpyrrole 
and N-triisopropylsilylpyrrole were synthesised from pyrrole and either 
benzylbromide or chlorotriisopropylsilane in DMF using sodium hydride as the 
base.21 
In controlled reactions, a series of mono-pyrrolyl acetates were synthesised from 
N-methylpyrrole, N-benzylpyrrole and N-triisopropylsilylpyrrole in 67%, 55% 
and 23% yields respectively. With N-methylpyrrole and N-benzylpyrrole, the 2-
to 3- isomer ratios of the products of the reaction were found to be 3.0 :2.0 and 1.0 
:1.0 respectively, showing that the increase in steric bulk in going from an N-
methyl to to an N-benzyl group has a significant influence on the isomer 
distribution. This is shown in equations 38 and 39. 
o N 
I 
Me 
ZnCI2 I THF 
O.7eqBTMSA 
• 
3.5h 10°C 
Equation 38 
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o N 
I 
PhCH2 
ZnCI2 /THF 
O.7eqBTMSA 
• 2h/RT 
Equation 39 
The reaction of N-triisopropylsilylpyrrole with methyl chloromethoxyacetate was 
very difficult to control to give mono-aryl product (122). However it was isolated 
in 23% yield by performing the reaction at -78°C, using tin tetrachloride as the 
Lewis acid as shown in equation 40. The diaryl products were found to 
contain a mixture of the 2,3'- linked dipyrrolyl acetate (123) and the 3,3'-
linked dipyrrolyl acetate (124) in 37% combined yield and 10:1 ratio. None of 
the 2,2'- linked dipyrrolyl acetate was detected and hence it can be assumed that 
substitution in the first stage of the reaction goes almost exclusively at the 3-
position. Since substitution in the first stage of the reaction took place at the 3-
position, the second substitution reaction takes place in a 10:1 ratio at the 2-
position of N-triisopropylsilylpyrrole, despite considerable steric hindrance from 
the triisopropylsilyl group. 
o N + 
I 
Si(Prlh 
N 
~i(P~hC02Me 
SnCI4 /DCM 
0.7eq BTMSA 
• 
5h/-78°C 
. (123) 
Yield =34% 
Equation 40 
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(124) 
Yield =3% 
(122) 
Yield = 23% 
2.3.5 Other "Acid Scavengers" 
Two other acid scavengers were briefly investigated to confirm whether the 
control of the course of the reaction was genuinely due to removal of the acid 
generated. The two reagents used were N-trimethylsilylacetamide100 and 
potassium carbonate. 
The reaction of the (-)·bornyl chloromethoxyacetate (150) with N·methylindole 
using zinc chloride as the Lewis acid and N·trimethylsilylacetamide as the acid 
scavenger resulted in the formation of (-)·bornyl bis(N·methyl·3·indolyl)acetate 
(125) in 70% yield. Similar conditions with BTMSA result in the formation of the 
mono·indolyl acetate. This preliminary piece of evidence shows that N-
trimethylsilylacetamide is not as effective as BTMSA as an acid scavenger. 
The third acid scavenger investigated was potassium carbonate, as shown in 
equations 41 and 42. The reaction of N-methylindole with methyl 
chloromethoxyacetate was easily controlled and gave the mono·indolyl acetate 
(96) in 43% yield along with a small amount of the diindolyl acetate (95) which 
was isolated in 6% yield. The reaction was followed by TLC and qualitatively 
found to proceed initially fairly rapidly, but had almost stopped after 
approximately 3 hours. This is presumably due to inactivation of the Lewis acid 
via formation of zinc carbonate from zinc chloride. When compared with the 
equivalent BTMSA reaction, the potassium carbonate reaction gave lower yields. 
Hovever, it was found that the potassium carbonate reaction was much less 
sensitive to temperature variations and the time of the reaction was less critical. 
Methyl chloro· 
COl methoxyacetate I :::::,.. N I ZnCI2 /THF I 
K2C03 
MI e -------.~ 12h at 20·C 
MeO 
W C02M9 I I + ::::". N 
I Me (96) 
Yield-43% 
Equation 41 
(95) 
Yield- 6% 
As a test for this methodology, the synthesis of the extremely acid sensitive and 
labile compound (126) was attempted, equation 42. The reaction of (-)·bornyl 
chloromethoxyacetate (150), controlled with potassium carbonate, gave a 40% 
yield of the two mono-indolyl products (126) and (127) as well as a trace of the 
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(-)-bornyl bis(N-methyl-3-indolyl)acetate (125). The reason for the formation of 
the hydroxy compound (127) IS discussed in chapter 4. 
1.Bornyl chloro-
~ I I ZnC~ ITHFI OJ methoxyacetate I ~ N __ K_-zC_O_3_-I •• 
I 
Me 12h at 20°C 2. HCOi I H20 
2.4 Conclusions 
Yield =30% 
Equation 42 
Yield = 10% 
For the reactions of methyl chloromethoxyacetate with aromatic compounds, the 
course of the reaction depends upon a number of factors including the nature of 
the aromatic reactant, the Lewis acid, the temperature and solvent system used. 
Also of great importance is whether the acid given off in the reaction is removed 
or not. 
I 
2.4.1 Mechanism and Factors Affecting the Reactions 
For the reaction sequence in scheme 36, the mechanism of stage 1 and 
stage 2 should be considered separately. 
Stage 1 
The first stage reaction is thought to involve a Lewis acid catalysed SN2 
displacement reaction with elimination of Hel. The rate of the reaction was found 
to be primarily dependent on two factors. These are: (i) the nucleophilicity of the 
aromatic compound and (ii) the strength of the Lewis acid used. 
The rate of the reaction is largely independent of whether acidic or basic 
conditions are used. 
Stage 2 
The second stage reaction is thought to be an acid catalysed SN 1 type reaction, 
proceeding by a It-stabilised cationic intermediate. The rate of this reacfion is 
qualitatively dependent upon (i) the concentration of acid present and (ii) the 
degree of stabilisation afforded to the cation by the aryl group from the aryl 
methoxy acetate (81). 
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By removal of hydrogen chloride from the reaction vessel by chemical means, this 
reaction is largely suppressed. 
2.4.2 Regiochemlstry 
The regiochemistry of the two stages of the Friedel-Crafts reactions of methyl 
chloromethoxyacetate were found to be different and are considered separately. 
Stage 1 
Except where there is only one possible isomer as is the case with benzene or 
para-disubstituted benzenoid aromatics, the first stage reaction is very 
unselective as is typical with alkyl halides in the Friedel-Crafts reaction. There is 
no one simple explanation for this behaviour. An explanation is that the reaction 
is charge controlled and not frontier orbital controlled as discussed with similar 
systems in chapter 1. Other factors such as lewis acid coordination effects may 
also play an important role. 
Stage 2 
The "second stage" reactions of the It-cations almost always gave just one 
observable regioisomer, with only one exception, where there was very strong 
steric hindrance. This was the case with N-triisopropylsilylpyrrole were very 
small amounts of substitution at the 3-position on the pyrrole ring took place. This 
degree of regiochemical control is in total contrast with that of alkyl halides in the 
first stage of the reaction, and is very rare for Friedel-Crafts alkylation reactions. 
A possible explanation is that this reaction is frontier orbital controlled and not 
charge controlled.37 
2.4.3 Controlled Reactions 
Homogeneous "Acid Scavengers" such as BTMSA have shown that the course of 
the Friedel-Crafts reactions of chloromethoxyacetates can be controlled. 
Furthermore, simple heterogenous acid scavengers such as potassium 
carbonate have shown the potential of this methodology. 
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Chapter 3 
The Friedel-Crafts Acylation Approach to 
a-Aryl-a-Hydroxy Acetates 
3.1 Introduction 
During the studies of the reactions of the mono-aryl methoxyacetates described in 
chapter 2, it became clear that an alternative synthesis of these compounds was 
needed. This was because some of the precursors required for the studies of 
diastereoselectivity in the Friedel-Crafts alkylation reaction (covered in chapter 4) 
were difficult to obtain from alkyl chloromethoxyacetates either because of poor 
yields or~~he reactions gave an unfavourable regioisomer distribution. 
The proposed route was based upon work by Behr,102 Micetich,103 Raucher,104 
and Speeter. 15a The procedure involved acylation of an aromatic compound with 
oxalyl chloride, followed by quenching with a suitable alcohol, to give an alkyl-aryl 
glyoxylate (128). This could then be reduced with sodium borohydride or lithium 
aluminium hydride to give the aryl-hydroxy acetate, as in scheme 47. For the 
subsequent Friedel-Crafts reactions, the alcohol (129) would be used in place of its 
corresponding methyl ether, described in chapter 2, because it would lead to the 
same cationic intermediate. 
o 
(COCI)2 
Ar-H • 
JL _Cl 
Ar' (( 
Ar = 1t-excessive aryl 
R = alkyl 
o 
R-OH 
• 
Base 
o 
Ar~OR 
(128) 0 
Scheme 47 
r _OR 
Ar' (( 
(129) 0 
Pyrroles102 and indoles15.102 readily react with oxalyl chloride in ether to give 
substitution in the 2- and 3- position respectively. Less reactive heteroaromatic 
compounds such as thiophene and benzenoid aromatic compounds require a 
Lewis acid such as aluminium chloride103 to make the reaction work. 
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3.2 Reactions of Indoles 
Friedel-Crafts acylation of N-methylindole was readily achieved by treating it with 
oxalyl chloride at O°C and warming to room temperature. This gave a yellow 
precipitate of the unstable (N-methyl-3-indolyl)glyoxylyl chloride (130) in almost 
quantitative yield by NMR analysis. The hydrogen chloride given out in the 
reaction does not interfere with the reaction because the acylation reaction is much 
faster than the dimerisation reaction of N-methylindole. Treatment of this acid 
chloride with methanol or (-)-menthol and triethylamine gave the corresponding 
esters (131) and (132) in 89% and 78% yields respectively. This is shown in 
scheme 48. 
00 (COCI)2 • E~O 
I 
Me 
R = Methyl, (131) 
R = (-)-Menthyl, (132) 
0 
Cl 
0 
I (130) 
Me 
Yield =89% 
Yield =78% 
Scheme 48 
R-OH 
EIsN 
OR 
(131) 
or (132) 
The reaction of (130) with 8-phenylmenthol gave only a 20% yield of the expected 
8-phenylmenthyl (N-methyl-3-indolyl)glyoxylate (133). This was presumably due 
to the greater steric demand of 8-phenylmenthol. Addition of DMAP to the 
reaction 105 did not improve the yield. (DMAP is known to catalyse and improve the 
yields of many esterification reactions). 1 05 In both these reactions the 8-
phenylmenthol was recovered unreacted. A second approach involved the 
reaction of 8-phenylmenthol with oxalyl chloride to form the 8-phenylmenthyl oxalyl 
chloride (134) followed by reaction with N-methylindoJe using DMAP as a catalyst. 
This only gave (133) in 13% yield. 
Another approach was the Friedel-Cratts acylation reaction of (134) with N-
methylindole using tin tetrachloride as the Lewis acid catalyst. This gave (133) in 
less than 5% yield. 
The most successful synthesis of (133) involved coupling (130) with 8-
phenylmenthol using pyridine as the base, giving (133) in 82% yield. These results 
are summarised in scheme 49. 
Reduction of the alkyl (N-methyl-3-indolyl)glyoxylates was achieved by treating 
them with sodium borohydride in methanol, which selectively reduced the ketone to 
the alcohol without reducing the ester. In the reductions of these three esters 
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00 
I 
Me 
M.=_e 
a-PM 
" HO'" 
Reagents: 
0 
Cl 
(i) 
.. (iv) 82% 
(130) 
Me 
(134) 
(i) 
.. 
(i) (COCI)2 in Et20 
(ii) 8-PM / Et3N / DCM 
(iii) 8-PM / Et3N / DMAP / DCM 
(iv) 8-PM / pyridine / Et20 
(v) 
.. 
13% 
(134) 
~) /50/0 
(v) N- methylindole / Et3N / DMAP / Et20 (vi) N- methylindole / SnCI 4/ DCM 
o 
Scheme 49 
OR NaBH4 / MeOH 
R 
Methyl 
Menthyl 
8-PM 
.. 
O.S-1.0h at O°C 
Equation 43 
Yield selectivity 
% %de. 
78 
83 15 
77 53 
Table 4 
Produc 
(135) 
(136) 
(137) 
(133) 
OH 
OR 
(135-137) 
(131-133), a new chiral centre is generated. With the (-)-menthyl and 8-
phenylmenthyl esters (132) and (133), the two faces of the ketone double bond are 
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not equivalent, and therefore some diastereofacial selectivity would be expected. 
Analysis of the proton NMR spectra or separation the diastereomers of the 
compounds (132) and (133) showed that this was the case, although the 
diastereoselectivities were fairly small, 15% and 53% de respectively. This is 
shown in equation 43. 
3.3 Reactions of Pyrroles 
The Friedel-Crafts acylation of N-methylpyrrole and N-benzylpyrrole with oxalyl 
chloride proceeded smoothly in ether at room temperature to give exclusively the 
2-regioisomers, with none of the 3-regioisomer detected. These two pyrrolyl 
glyoxylyl chlorides (138, R = Me or CH2 P h) were not isolated but reacted 
immediately with (-)-menthol and excess of triethylamine to give the corresponding 
esters (139) and (140) in 82% and 69% yields respectively. This is shown in 
scheme 50. 
Me 
o {COCI)2 1 E~ 
~ 5 mins 120°C ~ N CO-COCI 
(-)-menthol 
Et3N I Et.!0 
• 0oV? R R (138) O.5h I 20°C 
R = Me or CH:zPh Me-Me 0 R 
R = Me - (139) 
R = C~Ph - (140) 
Scheme 50 
The reaction of N-(1-phenylethyl)pyrrole (further details are available in chapter 4) 
with oxalyl chloride and methanol gave methyl [N -(1-phenylethyl)-2-
pyrrolyllglyoxylate (141) in 90% yield, scheme 51. 
0 (COClh/E2O ~ methanol ~ • Et3N I E20 N 5 mins/20°C N CO-COCI .. MeO ~ I I 0.5h 120°C R R (141) 0 R 
R = (R) or (S) -CH(Me)Ph 
Scheme 51 
Reduction of these three pyrrolyl glyoxylates was achieved with sodium 
borohydride in methanol to give diastereomeric mixtures, equation 44, in good 
yields but with fairly low selectivities. This is shown in Table 5. 
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The yields in these reduction reactions are not as high as might be expected. One 
of the main problems encountered was over-reduction and I or hydrolysis of the 
ester function to give for example menthol, particularly if the reaction was left on for 
too long. 
NaBH 4 / MeOH 
.. 
1.0-4.0h at O°C 
Equation 44 
R1 R2 Yield Selectivity Product 
Me menthyl 60% 32% de. (142) 
CH2Ph menthyl 85% 5% de. (143) 
CH(Me)Ph Me 84% 26% de. (144) 
Table 5 
3.4 Conclusions 
Friedel-Crafts acylation of aromatic compounds with oxalyl chloride followed by 
quenching With an alcohol and subsequent reduction With sodium borohydride 
provides an excellent means of synthesising alkyl a-aryl-a-hydroxy acetates in 
good yields and in a highly regiospecific manner. The only difficulties arose when 
the sterically hindered alcohol 8-phenylmenthol was used. 
In comparison with the controlled reactions of alkyl chloromethoxyacetates, this is 
the method of choice. The reactions were higher yielding, easier to perform and 
the starting materials are more readily available. The only drawback with this 
method is that two or three purification stages are needed. 
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Chapter 4 
Diastereoselective Friedel-Crafts Reactions 
of Glyoxylic Acid Derivatives 
4.1 Introduction 
In many of the reactions described so far, a chiral centre is involved. It would 
therefore be of great synthetic utility to be able to control the stereochemistry at 
this chiral centre. 
In the "first stage" reactions of chloromethoxyacetates, the reaction is thought to 
proceed by an SN2 displacement of chloride. 63.64,1 06 Piccol064 has shown that 
similar compounds do not undergo racemisation in Friedel-Crafts reactions. 
In order to get control of the stereochemistry one of the following two criteria must 
be met: 
(i) An optically pure chloromethoxyacetate would be required or, 
(ii) If racemic chloromethoxyacetates are used, the reaction would have to 
proceed by a kinetic resolution type mechanism (ie an aromatic compound would 
have to react faster with one enantiomer or diastereomer of the 
chloromethoxyacetate than the other enantiomer or diastereomer). 
This immediately presents difficulties. The preparation of an optically pure 
chloromethoxyacetate would involve a resolution step either by crystallisation of a 
chiral derivative or involve preparative chiral HPLC. Neither of these alternatives is 
feasible because these compounds are invariably oils at room temperature, very 
reactive, easily hydrolysed, and are powerful alkylating agents. 
The kinetic resolution of a chloromethoxyacetate derivative in a Friedel-Crafts 
reaction is completely unprecedented, and would have the disadvantage that half 
the starting material in such reactions would not be used. This, however, has been 
investigated by incorporation of a chiral relay into either the chloromethoxyacetate 
or into the aromatic substrate, with some promising results as will be shown later in 
this chapter. 
The control of the stereochemistry in the "second stage" reaction (is the Friedel-
Crafts reaction of an a-aryl-a-methoxy- or hydroxy- acetate) is more feasible since 
the reaction proceeds via a cationic intermediate which in principle can be attacked 
on two different faces. The face of the attack can, in theory, be directed by use of 
an appropriate chiral relay to induce diastereofacial selectivity. 
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The chiral relay can be incorporated into: 
(I) The electrophile, 
(ii) The nucleophilic aromatic compound, 
(iii) Both the electrophile and the nucleophile. 
When considering a-aryl-a-methoxy- or hydroxy- acetates as the electrophile, the 
chiral relay can be incorporated into the acid function (eg as a chiral ester), as in 
case (I), or into the aryl residue as in case (Ii). Alternatively, an achiral or racemic 
electrophile can in theory react with a chiral aromatic compound in the hope of the 
nucleophilic aromatic compound preferentially directing itself to one of the faces of 
the planar cation as in case (ill). There also exists the possibility of both these 
processes occurring in the same reaction as in case (Iv), with either synergism or 
mismatching between two chiral relays. Examples of all these possibilities have 
been investigated and are discussed later in this chapter. 
ORl A~-H 
Case (I) 
Ar1AC02R2* 
ORl A~-H 
Case (ii) Arl~C02R2 
Case (1iI) 
ORl A~*-H 
Ar1AC02R2 
ORl Ar2*-H 
Ar1AC02R2* Case (Iv) 
* = chiral 
4.2 Synthesis of Chiral Reactants 
• 
.. 
• 
• 
Ar2 
Arl~C02R2* 
Ar2 
Arl~C02R2 
Ar2* 
,k or 
Arl C02R2* 
Synergism 
Ar2* 
Ar1AC02R2* 
Mismatch 
TO investigate the effect of incorporation of a chiral group into the ester function of 
the chloromethoxyacetate, three terpenyl chloromethoxyacetates (148), (149), and 
(150) were synthesised. The carbonyl group of methyl dimethoxyacetate is much 
more electrophilic than in an ester such as methyl acetate. For example, base 
catalysed ester exchange in excess of ethanol gave ethyl dimethoxyacetate in 
almost quantitative yield in less than one minute at room temperature, so it was 
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thought that base catalysed ester exchange could be carried out with more 
sterically hindered alcohols such as (-)-menthol. (+)-isomenthol. or (-)-borneol. It 
was found that methyl dimethoxyacetate had to be heated under reflux in toluene 
in the presence of excess of (-)-menthol. (+)-isomenthol. or (-)-borneol. with a 
catalytic quantity of sodium hydride and 4A molecular sieves. This gave the three 
terpenyl esters (145). (146). and (147) in 62%. 45%. and 80% yields respectively. 
equations 45a-45c. The molecular sieves were used to absorb the methanol 
given off in these reactions and drive the eqUilibrium over to the more sterically 
hindered terpenyl esters. 
o.OH 0 4Asieves Q.)l"OM' 10%NaH MeoJYOMe • + Toluene Yield =62% 
A 5 Days OMe Reflux "A.... OMe (-)-Menthol (145) 
4Asieves 
0 10%NaH 0 
MeoJYOMe Toluene ... JYOMe Yield = 45% 
5 Days OMe 
Reflux OMe (+)-Isomenthol (146) 
h~+ 0 4Asieves h)l"OM' MeoJYOMe 10%NaH • Yield = 80% Toluene OMe 5 Days 
(-)-Bomeol Reflux (147) OMe 
Equations 45a-45c 
Using a procedure based on that devised by GrosS.94 the three compounds (145). 
(146). and (147) were converted to the chloromethoxyacetates (148). (149). and 
(150) by reaction with phosphorus pentachloride. In these three reactions the 
products were obtained as a 1.0 : 1.0 mixture of diastereomers in 99% yield. 
equations 46a-46c. 
A pair of enantiomeric pyrroles (151) and (152) were prepared in 80-90% yield for 
studies into how chirality in the aryl group affects the stereochemical outcome of 
the Friedel-Crafts reaction. These were synthesised from dimethoxytetrahydro-
furan and either (R)- or (8)- a-phenylethylamine in a modified version of a 
procedure by devised by Clauson-Kaas. 107 as shown in equation 47a and 47b. 
72 
Q.)yOM. 
= OMe 
/"'-.. (145) 
o 
.... o,;yoMe 
OMe 
(146) 
PCls 
PCls 
• 
• 
Q.)yOM. 
~ Cl (148) 
o 
-..oJYOMe 
Cl 
(149) 
A)yOM' 
(147) OMe 
.. 
PCls A)yOM' 
(150) Cl 
Equations 46a-46c 
MeoVOMe + 
NH2 0 
"+0 AcOH I Benzene N (151) .. Me I 24 hours I reflux "+0 ~ Me I ~ 
df~ 0 AcOH I Benzene (152) N MeoVOMe + .. ~ I Me 24 hours I reflux (rY" I Me ~ 
Equations 47a and 47b 
4.3 Friedel-Crafts Reactions of Chiral Chloromethoxyacetates 
The possibility of diastereoselectivity in the "first stage" reactions of methyl 
chloromethoxyacetate and the three terpenyl chloromethoxyacetates (148-150) 
were investigated by Lewis acid catalysed reactions with a range of aromatic or 
heteroaromatic compounds. Also the reaction of methyl chloromethoxyacetate 
with the chiral pyrroles (151) and (152) was investigated. 
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4_3.1 Friedel-Crafts Reactions of Terpenyl Chloromethoxyacetates 
The reactions of the three terpenyl chloromethoxyacetates (148-150) with anisole 
were investigated. It was found that the reactions could be stopped at the first 
stage without the need for bis-trimethylsilylacetamide to give an approximately 1.0 : 
1.0 mixture of ortho- and para- regioisomers in 50% to 60% yields respectively. 
Examples of these reaction are given in equations 48a·48c. 
&~OM'+6:e 
I Cl ..& ~ (148) 
o OMe '0~OM'+6 
(149) Cl 
y OMe 
~~OMe + 6'<:::: 
(150) Cl ..& 
SnCI. 
DCM 
SnCI. 
DCM 
• 
SnCI. 
DCM 
• 
&O~ OM. 
~ OMe ortho- (153) 
para- (154) 
JtG-7 H +OMe -"0 ::.-.. OMe ortho- (155) 
para- (156) 
ho4G OM. OMe ortho- (157) 
para- (158) 
Equation 48a·48c 
If the reaction is carried out at higher temperatures or for longer times. the para-
isomers (154). (156). and (158) all react with a second molecule of anisole to give 
the terpenyl bis(4-methoxyphenyl)acetate as described earlier in scheme 46. 
The reactions carried out with (-)-menthyl chloromethoxyacetate (148) and anisole 
are summarised in table 6. 
Lewis Temperature lime % Yield 0/0 Yield %de %de 
Acid DC hours (mono-aryl) (diaryl) (ortho) (para) 
SnCI4 -10 0.5 59 (1.0:1.0) 0 15 5 
SnCI4 -10 1.5 57 (1.2:1.0) 10 10 <5 
SnCI4 ·10 4.0 42 (2.0:1.0) 25 10 5 
Table 6 
74 
Note: the figures in parentheses refer to the ortho- to para- isomer ratio. The 
figures for the diastereoselectivity and the isomer ratios were obtained by 
integration of the methine signal in the acetate residue and the methoxy signals in 
the proton NMR spectra of the crude product. It was not possible to completely 
separate and isolate the four isomeric products of this reaction. Also the figures 
quoted for the diastereoselectivity have approximately a ±5% error factor. 
It can be seen here that in the "first stage" reaction a small degree of 
diastereoselectivity is observed in the formation of both the ortho- and para-
isomers. This probably arises by a kinetic resolution type process, with one 
diastereomer of the chloromethoxyacetate (148) reacting at a faster rate than the 
other diastereomer. In the second step, both diastereomers of the para-
regioisomer (154) reacted at the same rate to give the diarylacetate (108c), 
whereas the ortho-regioisomer (153) did not react further. 
(-)-Bomyl chloromethoxyacetate (150) reacted with anisole under SnCI4 catalysis 
to give initially (157) and (158). In the reaction at -10°C (0.5 hours), proton NMR 
analysis of the mono-aryl products showed it to be a 1.0 : 1.0 mixture of para- and 
ortho- regioisomers and that there was a very small degree of diastereoselectivity 
in the first stage of this reaction. If this was allowed to react further, (158) started 
to react with a second molecule of anisole to give the diarylacetate (108a) as 
shown in table 7. 
In the reaction carried out at OOC, the only mono-aryl product isolated was the 
ortho-isomer (157). All the para-regioisomer (158) had reacted with a second 
molecule of anisole to give (-)-bornyl bis(4-methoxyphenyl)acetate (108a). 
Lewis Temperature Time % Yield % Yield %de %de 
Acid CC hours (mono-aryl) (diaryl) (ortho) (para) 
SnCI4 -10 0.5 55 (1.0:1.0) <2 5 5 
SnCI4 -10 1.0 60 (1.3:1.0) 9 5 0 
SnCI4 0 2.0 49 (ortho) 48 <5 0 
Table 7 
Note: the figures in parentheses refer to the ortho- to para- isomer ratio. 
(+)-Isomenthyl chloromethoxyacetate reacted with anisole at -10°C for one hour 
under SnCI4 catalysis to give a 54% yield of (155) and (156) with 33% of the 
chloromethoxyacetate recovered unreacted. Analysis of the product of the reaction 
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by proton NMR showed that it contained a 2.0 :3.0 mixture of ortho- and para-
regioisomers respectively with no observable diastereoselectivity. No (+)-
isomenthyl bis(4-methoxyphenyl)acetate was detected or isolated showing that the 
"second stage" reaction of (156) had not occurred. 
A)yOM' (i) X .. A~H~ O~ 
(150) Cl (159) OMe 
~ 9." I"") 
Meo~ Yield = 50% ca 5% ee. 
(160) OMe 
Conditions: (i) SnCI4, benzene and reflux for 4 hours 
Scheme 52 
The Friedel-Crafts reactions of these terpenyl chloromethoxyacetates with less 
reactive aromatic compounds such as benzene or para-xylene were unsuccessful. 
This was because the conditions required to force to reaction to go, resulted in 
either the disintegration of the terpenyl residue and I or transesterification reactions 
by a mechanistically obscure route. An example is shown in scheme 52 where 
methyl phenylmethoxyacetate (160) was isolated instead of the expected product 
(159). 
A)y"" 
(150) Cl 
1·methoxynaphthalene y 0 H ~ I SnC~/DCM ~ ~ 
0.5 hours at -10· C ~ (1~) OMe OMe 
(163) 
OMe 
Scheme 53 
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The reactions of more reactive aromatic compounds result in the formation 
diarylacetates and the loss of a chiral centre. An exception to this is the reaction of 
(150) with 1-methoxynaphthalene as in scheme 53. 
As with the reactions of anisole, the 2-isomer (161) was formed as the major 
product in 66% yield, but with no observable diastereoselectivity. The 4-isomer 
(162) went on to give the dinaphthyl compound (163) in 25% yield. The 
exceptionally high 2- to 4- isomer ratio (2.6 : 1.0) lends more support to the view 
that tin tetrachloride coordination to both of the reactants68.70.95 occurs as 
described in chapter 2. 
When bis-trimethylsilylacetamide was added to the reactions of electron rich 
aromatic compounds with the terpenyl chloromethoxyacetates, the mono-aryl 
product could be isolated in moderate yields. Two examples are given in 
equations 49 and SO. 
These two reactions give the (-)-bornyl (164) and (-)-menthyl (166) 2,4-
regioisomers in 37% and 35% yields respectively, together with a trace of the 2,6-
regioisomers (165) and (167). A small degree of diastereoselectivity was observed 
on the formation of the two major products (164) and (166); 30% and 4% 
respectively. It must be emphasised however that these two reactions were not 
optimised. YWOMe ~OH I o ~ 
(164) OMe OMe 
Y 0 1,3-dimethoxybenzene ~oJl .OMe SnCI4/BTMSA/DCM • 
- .. 1 hour at -40· C (150) Cl Y!Weo ~ ~OH I 
o ~ 
(165) OMs OMe 
Equation 49 
A. 0 1,3-dimethoxybenzene ~. oJl .OMe SnCI41 BTMSA 1 DCM • 
- I" 1 hour at -40· C 
I Cl 
/""'0... (148) 
QWOMe OH I o ~ ~ (166) OMe OMe 
Q!WeO ~ OH I o ~ A (167) OMe OMe 
Equation 50 
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The controlled Friedel-Crafts reaction of the (-)-menthyl compound (148) with N-
methylindole gave (168) in 42% yield. Similarly, the reaction of (150) with N-
methylindole gave the mono-indolyl products (126) and (127) in 13% and 60% 
yields respectively, when bis-trimethylsilylacetamide was added to the reaction 
mixture. It is of note that these three mono-indolyl products are extremely labile 
and thermally unstable (decomposition occurs above 40°C). For example, 
attempted chromatographic separation of (126) or (127) from unreacted N· 
methylindole on silica resulted in the formation of (-)-bornyl bis(N-methyl-3-
indolyl)acetate (125) in almost quantitative yield. This problem is averted by 
adding a trace of bis-trimethylsilylacetamide to the crude reaction mixture before 
chromatography. A second problem is that (126) reacts with aqueous sodium 
hydrogen carbonate as the reaction is quenched to give the alcohol (127) in 60% 
yield. This probably proceeds via the cation (169) as in scheme 54. This 
problem is averted by quenching the reaction with a suspension of sodium 
hydrogen carbonate in anhydrous methanol. 
~~OM' 
• (;1 
/'.... (148) 
X~OM' 
BornylO 
(126) 
(150) (;1 
OMe 
N· methylindole 
Zn(;121 BTMSA I THF 
3 hours at 20°C • 
N- methylindole X r; ~ 
ZnCI2 /BTMSA 0-
DMEITHF (20:1) H 
-------------.- 0 ~ NMe 1 hour at ·10°C 
o 
;.::NMe 
BornylO + 
H (169) 
Scheme 54 
R=Me,(126) OR 
R=H,(127) 
BornylO 
(127) OH 
Another important point is that a different solvent was chosen for the reaction using 
the bornyl compound (150). This was found to increase the rate of the ·first stage" 
reaction relative to the second stage and gave better yields of the mono-indolyl 
products. 
No diastereoselectivity was observed in either of the reactions in scheme 54. 
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4.3.2 Dlastereoselectlve Frledel·Crafts Reactions of Methyl Chloro· 
methoxyacetate 
The "controlled" Friedel-Crafts reaction of methyl chloromethoxyacetate with either 
of the two pyrroles (151) or (152), equation 51, gave rise to four products in a total 
yield of 48%. The distribution of isomers is given in table S. 
As expected from the previous alkylation reactions of pyrroles, substitution occurs 
predominately in the 3-position, due to the steric hindrance by the N-(1-
phenylethyl) group on the pyrrole. 
O~ ZnCI2 Q+~ H M;}e02C OMe BTMSA N C02Me '1 \1 H 
N C02Me THF 1 \ ~"'H + ,l.. --_ .. (f.'.H OMe + N (171) ~ I Me MeO Cl 1250~~rs I Me (170a) (f."'H  (152) ~ (170b) I Me 
~ 
Equation 51 
isomer diastereomer % distribution 
2- major (170a) 20 
2- minor (170b) 7 
3- major 38 
3- minor 36 
TableS 
The substitution in the 2-position gave rise to a considerably different degree of 
diastereoselectivity when compared with substitution in the 3-position (46% de 
compared with 4% de). What appears to be occurring is a kinetic resolution of the 
two enantiomers of methyl chloromethoxyacetate during substitution at the 2-
position. This in turn progressively depletes one enantiomer in the unreacted 
methyl chloromethoxyacetate and hence a small degree of selectivity is observed 
in substitution in the 3-position. It is assumed that the stereochemistry of 
substitution at the 3-position is unaffected by the N-(1-phenylethyl) group and 
reacts at the same rate with either enantiomer of methyl chloromethoxyacetate. It 
was established that the chiral relay did not effect a kinetic resolution during 
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substitution at the 3-position by carrying the same reaction out. but to low 
conversion. In this case the same selectivity was observed for substitution in the 
2-position. but no selectivity was observed for substitution at the 3-position. 
The absolute configurations of the four diastereomers formed in this reaction are 
not entirely certain because the compounds are oils at room temperature and 
therefore the X-ray structure cannot easily be obtained. The NOE correlation 
spectra gave inconclusive results. but suggest that the major (170a) and minor 
(170b) diastereomers have the structure shown below. 
(170a) ~~ C02Me Major N" 
Diastereomer ~ H'tOMe 
''''H Ph 
Me 
n C0
2
Me (170b) 
'f' ~ Minor ~,,, H OM~ Diastereomer 
Ph Me 
The diastereoselectivity for substitution in the 2-position was improved to 61% de 
and the regioisomer distribution was improved to 1.0:1.0 by performing the reaction 
at _78° C using tin tetrachloride as the Lewis acid. in place of zinc chloride. The 
main disadvantage with this was that it was difficult to prevent the formation of 
dipyrrolyl acetate derivatives and so the yields of the compounds of interest were 
poor. 
4.4 Diastereoselective Friedel-Crafts Reactions Involving 
Cationic Intermediates 
An extensive series of reactions was performed to investigate the factors that 
influenced diastereoselectivity in the formation of diarylacetates using the products 
of the Friedel-Crafts reactions of the chloromethoxyacetates described earlier and 
their a-aryl-a-hydroxy analogues described in chapter 3. 
The reactions performed fall into four main classes and will be discussed 
separately: 
4.4.1 Friedel-Crafts reactions of terpenyl mono-aryl acetates. 
4.4.2 Reactions of methyl mono-aryl acetates with chiral pyrroles. 
4.4.3 Reactions of terpenyl mono-aryl acetates with chiral pyrroles. 
4.4.4 Reactions involving chiral pyrrole alkylating agents. 
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4.4.1 Frledel-Crafts Reactions of Terpenyl Mono-aryl Acetates 
The Friedel-Crafts reactions of the terpenyl (4-methoxyphenyl)methoxyacetates 
with some electron rich aromatic compounds were investigated, to see if it was 
possible to obtain diastereofacial selectivity. 
The reaction of racemic (-)-bornyl (4-methoxyphenyl)methoxyacetate (158) with 
1 ,3-dimethoxybenzene gave rise to the diarylacetate (172). A number of difficulties 
were encountered in getting the reaction to work. For example, although the in 
situ reaction of (158) with anisole [starting from (-)-bornyl chloromethoxyacetate 
and anisole] proceeds rapidly at O°C under tin tetrachloride catalysis, the reaction 
of isolated (158) with 1,3-dimethoxybenzene under tin tetrachloride catalysis 
proceeded very slowly at O°C (7% conversion after 1 hour). This was improved to 
84% conversion by performing the same reaction for 2 hours at 40°C. In both these 
reactions, no dia~tereoselectivity was observed. This is shown in equation 52. 
The reaction was repeated with triflic acid as the catalyst, which gave the same 
product (172) in 73% yield after 5 hours at 20°C, again with no diastereoselectivity. 
These results suggest that this reaction is synergistically catalysed by both protic 
and Lewis acids. 
XWOMe o H ~ I 1,3-dimethoxybenzene o ~ SnCI4 /DCM • OMe 
OMe 2 hours at 400C 
(158) MeO 
Yield = 84% (172) 
OMe 
Equation 52 
The reaction of the (-)-menthyl compound (154) with 1-methoxynaphthalene gave 
the diarylacetate (173) in 35% conversion, but with a small but significant 
diastereomeric excess of 20%, equation 53. The yield in this reaction is in excess 
of 90% if the recovered starting material (154) was taken into account. 
0)fO'a., 
~ OMe (154) 
1-methoxynaphthalene 
SnCI4 I DCM 
• 2 hours at O'C 
Equation 53 
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~ (173) 
U OH 
I 0 
./"'-.. 
Yield =35% 
OMe 
OMe 
A similar but more difficuij situation was encountered in the alkylation reactions 
with N-methylindole. Here, strong Lewis acids such as tin tetrachloride cannot be 
used since these tend to destroy N-alkylindoles at ambient temperatures and as 
already discussed, protic acids lead to the formation of indole dimers.97 
The reaction of (+)-isomenthyl (4-methoxyphenyl)methoxyacetate (156) with N-
methylindole was effected using iodotrimethylsilane as the Lewis acid, which is 
considered to be a much milder reagent than tin tetrachloride, equation 54. This 
gave the expected diarylacetate (174) in 90% yield, but with no observable 
diastereoselectivity. An analogous reaction with the bornyl compound (154) gave 
(-)-bornyl (4-methoxyphenyl)-(N-methyl-3-indolyl)acetate (175), but again with no 
observable diastereoselectivity. 
OMe (156) 
N- methylindole 
TMSI I MeCN 
15 hours at 20·C 
Equation 54 
• 
Yield = 90% 
(174) 
r 
N , 
Me 
OMe 
The reactions of the terpenyl 4-methoxyphenyl stabilised cations had given good 
chemical yields but with low diastereoselectivities in the case of the (-)-menthyl 
compound (154) and almost no diastereoselectivity in the case of the (-)-bornyl 
(158) and (+)-isomenthyl acetates (156). In the "first stage" reactions of the 
terpenyl chloromethoxyacetates, only very low selectivities were obtained, with the 
(-)-bornyl chiral relay giving the best selectivities. 
It was decided to perform these reactions at much lower temperatures to try and 
improve the selectivities. In order to do this, lower energy cationic species were 
needed. This was achieved using the highly reactive pyrrolyl- or indolyl- methoxy 
acetates or hydroxyacetates in these reactions. 
The reaction of (-)-bornyl (N-methyl-3-indolyl)methoxyacetate (126) with N-
benzylpyrrole gave the expected diarylacetate (176) in 75% yield but with a low 
diastereoselectivity (8% de), equation 55. If a catalytic amount of hydrogen 
chloride (5 mol%) was not added to the reaction, no reaction occurred at -78°G. 
The reaction without added hydrogen chloride only proceeded at a reasonable rate 
at OOG and gave no observable diastereoselectivity. 
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OMe (126) 
N- benzylpyrrole 
TMSII HCII THF 
2 hours at -78°C 
Equation 55 
.. 
Yield = 75% (176) 
The reaction of the analogous (-)-menthyl ester (168) gave the diarylacetate (1n) 
in 81 % yield, but with a much better diastereoselectivity of 52%, equation 56. This 
observation shows that (-)-menthol is a superior chiral relay when compared with (-
)-borneol in this reaction. Also as will be explained later, it can be inferred that the 
major diastereomer in compound (177) has (S)-absolute stereochemistry. 
N- benzylpyrrole Menthyl 0 TMSII HCII THF 
• 
3 hours at -78°C ~ 
OMe (168) N \ 
Yield = 81 % Me (1n) 
Equation 56 
Following on from this successful result, the reaction was repeated but with 8-
phenylmenthyl (N-methyl-3-indolyl)hydroxyacetate (137), and trimethylsilyl triflate 
as the Lewis acid. The reason for the change in Lewis acid was because 
iodotrimethylsilane gave rise to an unexpected side reaction, resulting in reduction 
of the alkylating agent, the details of which will be explained later. 
The reaction gave the expected product (178) in 95% yield and greater than 96% 
~. No evidence for the formation of a minor diastereomer was observed in the 
proton NMR spectrum at 400 MHz. This is shown in equation 57. 
Unfortunately, the absolute configuration of (178) is not known at present since it is 
not a crystalline solid and hence the X-ray structure has not been determined. 
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i 
Ph-1"Me 
Me 
OH (137) 
N- benzylpyrrole 
TMS OTf I HCII DCM 
0.5 hours at -78°C 
Equation 57 
.. 
95% Yield 
> 96% de. 
(178) 
In order to gain more information about how some of the structural features of the 
alkylating agent affect the diastereoselectivity of this reaction, the indole residue in 
the alkylating agent was replaced with two different N-alkyl pyrrole residues and 
these were reacted with N-methylindole, equations 58 and 59. 
A Friedel-Crafts alkylation using the pyrrole (142) gave the expected product (179) 
in 79% yield but only with 32% de. The reason for this lower selectivity when 
compared with that of the indolyl alkylating agent (168) is uncertain. It is estimated 
that the intermediate cation is more crowded and unexpectedly the (-)-menthyl 
group has less of an influence on the face of attack on the cation by N-
methylindole. By increasing the crowding by using an N-benzyl substituent on the 
pyrrole ring instead of a methyl substituent as in (142), the diastereoselectivity 
unexpectedly feil to 10% de, but in favour of the opposite diastereomer to the 
product derived from the indolyl alkylating agent (168). These two reactions are 
shown in equation 58 and 59. 
~ (142) 
U ~tin 
I o---y'tr .... 
A OH ~e 
N- methylinc:fole 
TMSOTf 
HOTf/DCM 
1 hour at-900C • 
Equation 58 
(179) 
Yield = 79% 
32% de_ 
It can be assumed that the N-benzyl-2-pyrrolyl stabilised cation is more stericaily 
hindered than the N-methyl-2-pyrrolyl cation, which in turn is more hindered than 
the N-methyl-3-indolyl cation. From these results with the (-)-menthyl alkylating 
agents (142), (143), and (168) it can be seen that as the crowding around the 
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cation is increased, then the diastereoselectivity is decreased. This implies that 
the position the menthyl group occupies is altered by the structural features of the 
electrophlle and hence the selectivity imparted to an incoming nucleophile is not as 
easy to predict as might be expected. A second observation is that the reactions 
that gave (1n) in equations 56 and 59 gave rise to opposing diastereo-
selectivities. This is not an unexpected observation and can be explained as 
shown in scheme 55. 
& (180) OH Jl ~ _Arl -X O· T · ~X 
N- methylindole 
TMSOTf 
HOTf/DCM 
Menthyl 0 
.. 
2 hours at -78°C 
Equation 59 
Me ~ (181) o + H ?tAr1 ~.>--"H 
(1n) 
Yield = 82% 
-10% de. 
~ (182) 
-w .. lA 1 ~Arl 
I 0 'fH 
~ Ar2 
Ar2-H Arl = 2-pyrrolyl or 3-indolyl residue, ,..:..:.:-.:..:.-------. Attack occurrs on 
Ar2 = 3-indolyl or 2-pyrrolyl residue, least hindered face 
X = OH or OMe. of the carbenium ion 
Scheme 55 
The compound (180) is protonated and loses a molecule of water or methanol to 
give the cation (181). The face of attack by Ar2 on the double bond in (181) will be 
influenced by the (-)-menthyl residue, and is largely irrespective of whether Ar2 is a 
pyrrole or indole derivative. Likewise, the nature of Arl (is whether it is an indole 
or pyrrole residue) will not greatly affect the face of attack by Ar2. The result is that 
the absolute stereochemistry in compound (182) is dictated by the (-)-menthyl 
group and the order of assembly of the compound (182). This is a rare example of 
a single chiral relay being able to give rise to either (R)- or (S)- stereochemistry 
simply by changing the reaction sequence. 
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4.4.2 Reactions of Methyl Mono-Aryl Acetates with Chlral 
Aromatic Compounds 
In chapter 2.2.3, the synthesis of a terthienyl (103) and a tetrathienyl (104) 
derivative was described. With the compound (103) there are three possible 
stereoisomers; a pair of enantiomeric (R,R and S,S) isomers and an meso-(R,S) 
isomer. 
C02Me 
(R,R) 
enantiomer 
(103) 
mesa -diastereomer 
(S,S) 
enantiomer 
The reaction of methyl (2-thienyl)methoxyacetate (105) with the prochiral methyl di-
2-thienylacetate (101) give the terthienyl compound (103). NMR analysis shows 
just a single substance to be present, but chiral HPLC using an AGP column 
showed the products of the reaction to be a 1:1:2 mixture of the (R,R), (S,S), and 
(R,S) isomers respectively (see appendix 1), which is what would be expected if 
there was no diastereoselectivity in the reaction. This is shown in scheme 56. 
~ ~fl1~ 11 
-MeOH' C~ ~O Me S H~" C02~e 
S 
C02Me C02Me 
mesa- (103) 
(i) Attack cis to C~Me group 
(Ii) Attack trans to C02Me group 
2 (101) 
~ 
(R,R) or (S,S) - (103) 
Scheme 56 
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The lack of diastereoselectivity in this reaction was presumed to be because the 
prochiral centre is too far away from the reaction site to influence the 
stereochemical outcome of the reaction. 
Since no diastereoselectivity was observed in the formation of the terthienyl 
derivative (103). it was also assumed that the tetrathienyl compound (104) would 
be formed without any diastereoselectivity even though the 250 MHz proton and 
carbon-13 NMR spectra show it to be a single substance. 
A similar reaction with a more bulky alkylating agent was carried out at -78°C to 
see if changing these two factors would improve the diastereoselectivity. The 
Friedel-Crafts reaction of methyl (N-methyl-3-indolyl)methoxyacetate (96) with the 
methyl di-2-thienylacetate (101) gave the product (183) in 17% yield. Analysis by 
carbon and proton NMR. appeared to show that (183) was a single substance but 
chiral HPLC again showed it to be an equal mixture of the four possible 
stereoisomers. This is shown in equation 60 and appendix 1. 
n n SnCI 4 ' HCI 
"s"'Y"s/ DCM • 
C02Me 5 hours (101) at -78°C 
Equation 60 
(183) 
These reactions showed that the possibility of a group on the opposite side of a 
five membered ring influencing the stereochemical outcome of a reaction is 
remote. 
In the Friedel-Crafts reactions of N-(1-phenylethyl)pyrrole (151) or (152), 
substitution would take place largely at the 2-position. This would bring the 
electrophile much closer to the chiral relay than in the previous examples with 
methyl di-2-thienylacetate (101). A number of reactions of methyl (2.4-
dimethoxyphenyl)methoxyacetate (113) and the chiral pyrrole (151). with various 
Lewis acids to give (184) were performed. These are shown in table 9 and 
equation 61. 
OMe 
~Co,Me 
MeoMOMe 
(113) 
o 
+ N Ph~H 
Me (151) 
LewisAcid 
+ Hel 
• 
Equation 61 
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OMe 
Lewis acid Solvent Temperature Time % Yield %de 
SnCI4 DCM O°C 6 hours 40 (80) 11 
TiCI4 DCM 20°C 2 hours 27 5 
TMSI MeCN -40°C 24 hours 62 25 
Table 9 
The diastereoselectivities in this reaction are fairly low and, as expected, are 
dependent upon the temperature. The lower the temperature the better the 
selectivity. The reaction proceeded faster and gave a better yield (62%) with 
iodotrimethylsilane than with tin tetrachloride as the Lewis acid and therefore lower 
temperatures could be used. With the tin reagent, 50% of the starting material was 
recovered and although the conversion in this reaction is 40%, the yield was 80% 
based on the starting material that reacted. With titanium tetrachloride, extensive 
decomposition of the starting matenals and products occurred. 
In the reaction of methyl (N-methyl-3-indolyl)methoxyacetate (96) with the chiral 
pyrrole (151), the yields and diastereoselectivities were improved, as shown in 
table 10. The selectivity was improved from 22% to 50% by performing the 
reaction at -78°C. The product (185) can be purified to 95% de by crystallisation 
from dichloromethane - petroleum ether. 
Lewis acid 
(96) 
Solvent 
THF 
THF 
o 
+ N 
LewisAcid 
HCII THF 
• 
N Ph'+H 
Me 
(151) .,..h C02Me Ph ~e H (185) 
Equation 62 
Temperature Time % Yield 
20° C 0.5 hours 80 
-78° C 6 hours 92 
Table 10 
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%de 
22 
50 
4.4.3 Reactions of Terpenyl Mono-Aryl Acetates with Chlral Pyrroles 
In the previous two sections, the reactions involved one chiral relay. With two 
chiral relays the possibility of synergism and mismatching between the two chiral 
relays exists. This was investigated using (-)-bornyl and (-)-menthyl (N-methyl-3-
indolyl)methoxyacetate or the hydroxy analogues with both enantiomers of N-(1-
phenylethyl)pyrrole, (151) and (152). 
~\;O 
Me-c:t:fMe 0 H 
(186) 
MeJr:. 0 :A'r-I -~ 
N 
I 
(i) / (126, R = Me) Me \ (ii) I (127 ,A." \ 
H N-.tIWMe 
Ph ~#o 
Me-c:t:fMe 0 H 
(187) 
Reagents: (i) (127), (151) , TMSI, HCI in DCM 
or (127) ,(151) , ZnCI2, HCI in THF 
(ii) (126) ,(152) , TMSI, HCI in THF 
Scheme 57 
Me N-f.H 
Ph 
The reaction of (-)-bornyl acetate (127) with (R)-N-(1-phenylethyl)pyrrole (151) 
gave the diarylacetate (186), as shown in scheme 57 and table 11. The two chiral 
relays work together to give selectivities of 56% - 58% de. This compares with 
50% de for the reaction of the methyl ester (96) with either enantiomer of N-(1-
phenylethyl)pyrrole. The reaction of the (-)-bornyl acetate (126) with the sterically 
similar N-benzylpyrrole gives a small de of 8%. This shows that the contribution 
from the (-)-bornyl group only is relatively unimportant. It can therefore be 
assumed that the contribution from the (R)-1-phenylethyl group to the selectivity is 
approximately +50% and the contribution from the (-)-bornyl group is approximately 
+ 10% to the selectivity. 
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It can be inferred that the contributions towards the diastereoselectivity from the 
two chiral relays are additive in the case of the (R)-pyrrole (151) and the (-)-bornyl 
ester. This is indeed what is observed in the reaction. 
This effect was confirmed by carrying out a similar reaction but with the 
enantiomeric (S)-pyrrole (152). to give the diarylacetate (187). Here a reduced 
selectivity of 39% de was observed. The contribution from the (S)-1-phenylethyl 
group is approximately -50% and the contribution from the (-)-bornyl group is 
approximately +10% to the selectivity. 
Reagent Lewis R Solvent Temp. Time Yield %de 
Acid (OC) (hours) % 
(151) ZnCI2 H THF -40 1.5 65 56 
(151) TMSI H DCM -78 5.0 80 58 
(152) TMSI Me THF -78 3.0 63 39 
(N-BP) TMSI Me THF -78 2.0 75 8 
(N-BP) ZnCI2 Me THF 0 1.5 59 0 
Table 11 
A similar set of reactions was performed with the (-)-menthyl acetate (168) which 
showed similar behaviour to the previous reactions of the (-)-bornyl analogues. 
This is shown in scheme 58 and table 12. 
Reagent Lewis Solvent Temp. Time Yield %de 
Acid (CC) (hours) % 
(151) TMSI THF -78 4.0 65 28 
(152) TMSI THF -78 3.0 75 78 
(N-BP) TMSI THF -78 3.0 81 52 
Table 12 
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The reaction of the (-)-menthyl ester (168) with (A)-N-(1-phenylethyl)pyrrole (151) 
gave the diarylacetate (188). In this reaction, mismatching between the two chiral 
relays was observed giving a small de of 28%. In contrast, with the analogous 
reaction of (S)-N-(1-phenylethyl)pyrrole (152). to give (189), synergism was 
observed. This gave an improved de of 78%. Alone, each chiral relay accounts for 
approximately a de of 50% in these reactions, so one chiral relay must be 
dominant over the other. 
The absolute stereochemistry is only known for the compound (185), from its X-ray 
crystal structure, appendix 2. It can therefore be deduced that the (A)-N-(1-
phenylethyl) group induces (A)-stereochemistry in the diarylacetate (185). From 
the results with two chiral relays involving compounds (168) and (126 or 127), the 
(-)-bornyl group directs the stereochemistry in the same direction as the (A)-No 
phenylethyl group and the (-)-menthyl group directs the stereochemistry in the 
opposite direction (is the bornyl group is (A)-directing and the (-)-menthyl group is 
(S)-directing). If the incoming aryl residue has a different priority in the Cahn, 
Ingold, Prelog rules108, then these absolute stereochemistries will be reversed. 
(188) 
H 
N-fIMe 
Ph 
OMe 
(168) 
Reagents: (i) (151), TMSI, HCI in THF 
(iI) (152) ,TMSI, HCI in THF 
Scheme 58 
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Me 
N-t""H 
Ph 
= I (189) 
r 
I 
I 
, 
, 
, 4.4.4 Reactions Involving Chlral Pyrrole Alkylating Agents 
The diarylacetate (185) was synthesised by two alternative routes. These involved 
the reactions of methyl [N-(1-phenylethyl)-2-pyrrolyl]methoxyacetate (170) and of 
its hydroxy (144) analogue with N-methylindole. These reactions are shown in 
equations 63 and 64. Both these reactions gave (185) in excellent 
diastereoselectivity (95% de) from starting materials that were a mixture of 
diastereomers. The yield in the iodotrimethylsilane reaction is lower than in the 
trimethylsilyl triflate reaction because of a side reaction that resulted in the 
reductive removal of the methoxy group. This will be described in greater detail 
later. 
n.. ~ COMe '~/r 2 + 
,t-H OMe 
Ph te (170) 
n. ~ COMe '~/J 2 
A-H OH 
Ph Le (144) 
~ ~N/ 
\ 
Me 
TMSI/HCI 
DCM 
4 hours 
-64° C 
• 
Equation 63 
TMSOTf 
HOTf/DCM 
1 hour 
-64°C 
Equation 64 
, 
N 
'H C02Me Ph~ 
Me r-5-9-%-Y-i-el-d .... 
(185) 95% de. 
(185) 
It is interesting to note that in this form of the reaction, where the chiral relay is in 
the alkylating agent, much higher diastereoselectivities (95% de) were observed 
than with the chiral relay on the aromatic substrate which only gave 50% de. This 
is thought to be because the transition state is much more crowded in the pyrrole 
intermediate (190) than in the indole intermediate (191). Also of note is the fact 
that the hydroxy compound (144) gives exactly the same selectivity as the methoxy 
compound (170) showing that they most probably proceed by a common 
intermediate. This is shown in scheme 59. 
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MeO 
(iii) 
Attack occurs 8' 
away from 
methyl group -
p~ N_ Me G~lC02Me ~~'~ ~ , Ph~H H (190) '-..... -
Me ~r~12 
• 
N 
= ~ N_ Me 
IH C02Me Ph~ 
Me 
(185) 
(151) 
Transition Ph 
state is much r======'NJ.",,,Me 
less crowded ~ \ 
"'---~"d H 
(191) 
Reagents: (I) TMSI, DCM, HCI at _64° C 
(ii) TMS OTt, DC M, HOT! ai-64° C 
(iii) TMSI, DCM, HCI at -78° C 
Scheme 59 
In order to lend support to the view that the reaction went by way of a common 
intermediate, where the chirality in the methoxy acetate group was lost and the 
new chiral centre in the diarylacetate (185) was formed by dlastereofacial attack on 
a planar cationic intermediate, the two diastereomers of (170) were separated to 
give the compounds (170a) and (17ob). In separate reactions, these were used to 
alkylate N-methylindole as in scheme 60. 
93 
n ~ C02Me '-~/1s 
IR OMe 
PhkH ~i) 
Me (170a) ......... 
(R,S) 
y 
n ~ C02Me "'~/~ 
~HOMe 
Ph Le (170b) 
Reagents: 
(R,R) 
(i) TMSI, DCM, HCI at -640 C 
Scheme 60 
57% - 59% Yield 
95% de. 
Both of the diastereomers of (170a) and (170b) gave the same product with 
exactly the same diastereoselectivity, giving strong support for an SN 1 type 
mechanism for this highly diastereoselective reaction. 
In order to test that the diarylacetate (185) was the kinetic product of the reaction 
and not the thermodynamic product formed by equilibration to the more stable 
thermodynamic diastereomer, epimerisation studies were undertaken. 
Treatment of the two diastereomers of (185) with a mixture of iodotrimethylsilane 
and hydrogen chloride at 20°C (over ao°c above the reaction temperature) 
resulted in both compounds being recovered unchanged, proving that the nature of 
the diastereoselectivity is a kinetic effect. 
In order to show how the selectivity of this reaction varies when the 
methoxyacetate group is moved to the 3-position of the (R)-N -(1-
phenylethyl)pyrrole residue, a similar reaction was performed with N-methylindole 
to give the 3,3-c1isubstituted diarylacetate (192) as in equation 65. 
The reaction gave a 64% yield of the diarylacetate (192) but only with a de of 9%. 
This demonstrates the importance of having the chiral relay close to the reaction 
site in order to get good selectivities and is in accordance with the lack of 
selectivity observed in the thiophene reactions in equation 60 and scheme 56. 
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OMe 
rS'cOI'e 
7 (171) 
PhkH 
Me 
+ f'0 \~ , 
Me 
TMSI I HCI 
THF 
2 hours at -7aoC 
Equation 65 
4.4.5 SIde Reactions Resulting In Reduction 
N 
PhA-H 
Me (192) 
As already mentioned an interesting and potentially very useful side reaction was 
observed in many of the reactions where iodotrimethylsilane was used as a Lewis 
acid. In many of these reactions, the yields were in the order of 50-92% of the 
diarylacetate, at full conversion of the starting material to products. This poses the 
question what has happened to the remainder of the starting material? In a 
number of reactions where the yields were unexpectedly low, the side products of 
the reaction were identified in order to find out what was causing the reduction in 
yield. In the previous reaction, equation 65, a second product (193) was isolated, 
in 30% yield. 
OC02Me 
~ (193) 
PhkH 
Me 
This reduction reaction was even more of a problem with the 2-isomer of the chiral 
pyrrole (170). In a reaction carried out at -78"C, the reduced product was isolated as 
the major product, equation 66. 
As can be seen the reduction product (194) is the major product of the reaction with 
the expected diarylacetate (185) being isolated in only in 30% yield but still with 
excellent diastereoselectivity. Also, if the reaction is carried out to low conversion, 
the two diastereomers of the starting material (170) react at different rates, showing 
a kinetic resolution. In this case, the minor diastereomer is the more reactive. For 
example, at 60% conversion, the starting material (170) was enriched from 46% de 
to 70% de. 
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QtC02Me 
~HOMe 
Ph ~e (170) 
(i) ~COMe N 2 + 
PhkH (194) 
Me 
I Yield = 68% I 
(185) 
N 
~H C02Me Phk ...-------, 
Me Yield = 30% 
87"10 de. 
Reagents: (i) N- methylindole, TMSI, THF, HCI, 5 hours at -78° C 
Equation 66 
To investigate what factors influence this reduction reaction, the reaction was 
repeated but with dichloromethane as the solvent, since tetrahydrofuran is well 
known as a source of hydrogen atoms. In the reaction shown in equation 63, the 
yield of the diarylacetate was improved to 59% and the yield of the reduction 
product (194) reduced to 19%. This shows that in part, hydrogen atoms are being 
supplied by the solvent. 
A reaction of the 3-isomer (171) was performed, but without the presence of N-
methylindole to see if this influenced the reduction. The result is shown in 
equation 67. 
OMe 
~Co,M' 
7 (171) 
Ph~H 
Me 
TMSI/HCI 
THF 
1 hour at -78°C • 
OC02Me 
7 (193) 
Ph~H 
Me Yield = 19% 
Equation 67 
+ black 
intractable 
tar 
Here, it can be seen that the removal of the N-methylindole leads to a reduction in 
the yield of the reduced product (193) from 30% to 19%, indicating that the N-
methylindole plays a significant role in this reduction reaction. It is possible that the 
methanol which is formed in the reaction is also a good source of hydrogen atoms in 
this reaction. The fact that no starting material was recovered in this reaction is 
indicative that the cation had been formed, and because there was nothing it could 
easily react with, polymerisation to give a black tar resulted. 
This reduction was effected by more conventional means, using samarium (11) iodide 
as the reducing agent. 109 This cleanly gave (193) from (171) in 91% yield, equation 
68. 
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OMe 
rS'CO,M, 
7 (171) 
Ph~H 
Me 
Sml21 MeOH 
HMPA/THF 
• 
24 hour at 20°C 
Equation 68 
OC02Me 
7 (193) 
Ph~H ,--__ ----, 
Me IYield = 91% I 
These reduction reactions with iodotrimethylsilane are unusual and pose the 
problem of what species is acting as the reducing agent. A related reaction was 
reported 110 where pyrroles were alkylated with formaldehyde using a hydrogen 
iodide and phosphinic acid catalyst to give methyl pyrroles. The reaction is thought 
to involve alkylation to give a pyrrolyl methanol followed by an iodide catalysed 
reduction to the alkane. 
An indication about what is occurring comes from observation of these reactions, 
where invariably the deep brown colour of iodine develops. Therefore one of the 
possible reducing agents is iodide ion. There are two proposed mechanisms for 
this reduction. Mechanism (i) is thought to involve formation of the cation (195) 
followed by single election transfer from iodide to the cationic intermediate to give a 
radical (196) which abstracts a hydrogen atom from a good source of hydrogen 
atoms. For example, this could be either the solvent such as tetrahydrofuran or 
from the methyl group of methanol which eventually gives formaldehyde. The 
second mechanism (Ji) involves attack by iOdide on the cation to give an a-iodo 
ester. These esters are unstable and can undergo homolytic fission of the carbon-
iodine bond to give the radical (196). This in turn abstracts a hydrogen atom as in 
mechanism (I). This is shown in scheme 61. 
Although still in the early stages of development, this iodotrimethylsilane reduction 
is potentially of important synthetic utility, since it occurs under far milder conditions 
than with samarium (11) iodide, uses cheaper and less toxic reagents. 
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Mechanism (I) 
OMe 
~"' 
N 
I 
R 
H 
-MeOH 
• • 
H ~M' 
N 
51 • 
H (196) n~M'_ 
- ,N 
r-fCO'"' 
N 
I 
R 
A (195) I I I + I' 
R 
MeOH+TMSI 
J 
TMSOMe+HI 
Mechanism (Ji) 
o or H-CH2-OH o 
,0 or 'CH2-OH o 
Hydrogen 
Abstraction 
H H H (196) 
otco2Me ~co2Me d'co M " \1 t . • ,,\1· 2 e IN' '- ~ rN~ D -- IN' 
A (195) I" A A + I ' 
Scheme 61 
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4.5 Conclusions 
The Friedel-Crafts reactions of the terpenyl acetates gave mixed results. In the 
reactions of the terpenyl chloromethoxyacetates low diastereoselectivities were 
obtained. Much better diastereoselectivities were obtained in the reactions of 
cations derived from terpenyl a-aryl-a-methoxyacetates with electron rich aromatic 
compounds. The best selectivities were achieved at low temperatures (-78°C) 
using (-)-menthyl and particularly 8-phenylmenthyl acetates, giving de's up to 98%. 
The incorporation of a chiral relay onto the nitrogen atom of a pyrrole ring in the 
form of a N-(1-phenylethyl) group was found to be very effective in controlling the 
stereochemistry of a range of Friedel-Crafts alkylation reaction. For example, in 
the alkylation of the pyrrole (151), a kinetic resolution of the alkylating agent, 
methyl chloromethoxyacetate, was observed. Also, the N-(1-phenylethyl) group is 
very effective in directing stereochemical outcome in the alkylation of N-
methylindole with the pyrroles (144) or (170), giving diastereoselectivities as high 
as 95%. 
The reactions involving both of these two classes of chiral relays in a single 
reaction showed evidence of synergism and mismatching between the chiral 
relays. By the use of how the chiral relays interact with each other in combination 
with X-ray crystal structure of (185), it is possible to determine how chiral relays 
such as (-)-menthol or (-)-borneol direct the stereochemical outcome of these 
reactions. 
Finally, these studies of the stereochemistry of the Friedel-Crafts reaction give 
important information as to the mechanism of the reaction. The view that the 
reactions of chloromethoxyacetates involve an SN2 displacement of chloride is 
supported, and strong evidence in support of the hypothesis that the a-aryl-a-
methoxy (or hydroxy) acetates undergo Friedel-Crafts reactions in an SN 1 type 
manner (ie via a cationic intermediate) is given. 
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Chapter 5 
Vilsmeier-Haack Reactions 
5.1 Introduction 
The electrophile in the classical Vilsmeier-Haack reaction is frequently assumed 
to be an N,N-disubstituted chloromethyleneiminium salt which is formed from 
DMF or NMFA and a wide range of electrophiles.82.91 A series of equilibria are 
thought to be involved eventually leading to the effective reagent, scheme 31. 
The use of an electrophilic anhydride would lead to what is effectively a cationic 
mixed anhydride which cannot react with a nucleophile to form a lower energy 
species. The use of triflic anhydride uses this strategy.93 
It was decided to investigate the use of pyrophosphoryl chloride, since this is an 
electrophilic anhydride, potentially with the advantages of triflic anhydride. 
5.1.1 Pyrophosphoryl Chloride 
Pyrophosphoryl chloride can be prepared by passing chlorine into a boiling 
suspension of phosphorus pentoxide in phosphorus trichloride diluted with 
carbon tetrachloride.111 Phosphorus pentachloride is formed in situ and its 
subsequent reaction can be written: 
P40 10 + 4PCIs = 2P20 3CI4 + 4POCl3 
The yield in this reaction is approximately 30%. Other older methods include the 
addition of 1 mole of water to 2 moles of phosphoryl chloride in carbon 
tetrachloride followed by vacuum distillationl12 or by the radical reaction of 
dinitrogen tetroxide with phosphorus trichloride.113 
The problem with these methods is either that the yields of the reactions are low 
or that the reactions not convenient to perform and therefore work towards a more 
satisfactory procedure for making pyrophosphoryl chloride was investigated. 
5.1.2 Pyrophosphoryl Chloride In the VlIsmeler-Haack Reaction 
It was reasoned that the cationic intermediate that would be formed by the 
reaction of an N,N-disubstituted formamide with pyrophosphoryl chloride would 
be identical to the first formed intermediate involved in the reactions with 
phosphoryl chloride. However, whereas in the latter reaction the intermediate 
100 
can afford a lower energy species by displacement of phosphorodichloridate ion 
by chloride ion, scheme 62, this would not be possible using pyrophosphoryl 
chloride. The reagent (197) should be more electrophilic than, for example, 
N,N-dimethylchloromethyleneiminium chloride. Further, the reagent (197) 
should be more sterically demanding and therefore have some regiochemical 
advantage.114 
H 0 0" 
Rl I ~ 11 II~ 
..... ~ pr'" P 
N 0 Cl ~ 1 '0" I ..... CI ~2 Cl Cl 
H 0 
Rl I~II 
..... ~ pr'" 
N 0 CI~I'CI 
H 0 
_ Cl' Rl I ~ ---"';";.~ ..... N~O,. I ..... CI 
~2 Cl 12 Cl R (197) 
Scheme 62 
Cl' 
• 
Regarding the mechanism of the Vilsmeier-Haack reaction, if pyrophosphoryl 
chloride gives identical results to the analogous reactions of phosphoryl chloride 
then this will give strong evidence that the phosphorus iminium species (197) is 
the reacting species in the the classical Vilsmeier-Haack reaction. Similarly if 
reactions involving pre-formed N,N-<:Iimethylchloromethyleneiminium chloride 
give the same results as those obtained using DMF and phosphoryl chloride then 
the alternative and most frequently suggested reagent is involved. However, if all 
these reagents give different results then one may conclude that the suggestion 
concerning equilibration when using phosphoryl chloride and DMF is 
reasonable. 
5.2 Synthesis of Pyrophosphoryl Chloride 
We had noted that the preparation of alkyl chlorides from alcohols and 
phosphoryl chloride invariably uses more than one mole equivalent of the 
phosphorus reagent.115 We argued that although methyl phosphorodichloridate 
would be a weak nucleophile, it should react with phosphoryl chloride to form 
pyrophosphoryl chloride and methyl chloride, which being a gas would be 
immediately lost from the reaction vessel. 
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o 0 ~ .. ~ .. 
Cl - Me '"'" p.~ p.,~ - MeCI "0"'1 ~CI Cl"" I ~CI~ .. 
Cl Cl 
o 0 
11 11 
I? P CI .... I'O .... 'CI 
Cl Cl 
Equation 69 
The yields of the reaction were approximately 30% after 7 days, 40% after 14 
days and peaked at 45-50% after 21 days at reflux in excess of phosphoryl 
chloride. The peak in yield occurred because longer reaction times lead to the 
formation of higher oligomers and what appeared to be polyphosphoryl chloride 
(c' polyphosphoric aCid). An advantage of this procedure is that the phosphoryl 
chloride and methyl phosphorodichloridate can be recycled. 
Numerous attempts were made to improve the yield and speed of the reaction. 
For example, numerous metal chlorides (eg tin tetrachloride or lithium chloride) 
were added to the reaction in an attempt to increase the chloride ion 
concentration, but in all cases resulted in the formation of insoluble precipitates 
after a few hours and the yield of the reaction was the same as if no metal 
chloride were added. This is not surprising since pyrophosphoryl chloride would 
be expected to be a good chelating agent and therefore metals would be 
expected to form complexes with pyrophosphoryl chloride of the type (198). 
Many of these insoluble complexes are well known and have been 
characterised. 11G 
MCln , . 
, . 
, . 
o 0 11 11 (198) 
CI ..... i .... o .. ~'cl 
Cl Cl 
Another attempted method involved reacting 2 moles of methyl 
phosphorodichloridate with 1 mole of phosphorus pentachloride to form 
pyrophosphoryl chloride and phosphoryl chloride as in scheme 63. This just 
resulted in the formation of phosphoryl chloride which reacted slowly with 
unreacted methyl phosphorodichloridate to produce pyrophosphoryl chloride at 
the original very slow rate. 
PCls + 2MeOPOCI2 -- CI3P(OPOCI2h + 2MeCI 
L POCIa + P20 3CI3 
Scheme 63 
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5.3 Vllsmeler-Haack Reactions with Pyrophosphoryl Chloride 
5.3.1 Reactions of Carbocyclic Aromatic Compounds 
The Vilsmeier-Haack reactions using pyrophosphoryl chloride and DMF or NMFA 
with carbocyclic aromatic compounds at least as reactive as anisole worked in 
good to excellent yields. Particularly noteworthy are the reactions with N,N-
dimethylaniline and meta-dimethoxybenzene, shown in equations 70a and 
70 b which on alkaline work up gave exclusively 4-N, N-
dimethylaminobenzaldehyde and 2,4-dimethoxybenzaldehyde each in 99% 
yield. The result for N,N-dimethylaniline represents an improvement on the 
classical Vilsmeier-Haack reaction with phosphoryl chloride which gave a yield of 
80%.85 
MeO~OMe 
V 
1. DMF I P 203CI4 
17h at 65°C 
.. 
2. 2M NaOH OHC O NMe2 I b Yield = 99% 
1. DMF I P20 3CI4 Me0)CJoMe 
4h at 100°C I 
2. 2M NaOH" b Yield = 99% 
OHC 
Equations 70a and 70b 
Some other examples are given in table 13 which show the scope of the 
reaction. Generally the electron rich aromatic compounds are good substrates for 
the reaction. Para-dimethoxybenzene gave only moderate yield because it has 
the minimum nucleophilicity for the reaction to work and that the iminium ion is 
poor at ortho-substitution in these cases because of steric reasons. The 
literature yields for this formylation reaction are generally very poor (7%117 and 
16% 118 yields). With naphthalene and the alkylbenzenes, the reaction either did 
not work or only gave a trace of product, showing that the electrophilicity of the 
pyrophosphoryl chloride derived iminium ion is intermediate in reactivity between 
the phosphoryl chloride83 and triflic anhydride reagents.93 
5.3.2 Reactions of Anisole 
Anisole lies on the lower limit of nucleophilicity for the Vilsmeier-Haack reaction 
to succeed. Also the possibility of forming ortho- and para- regioisomers arises, 
and hence provides a good way of comparing the classical Vilsmeier-Haack 
reaction with new reagent systems. 
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Aromatic compound Reagents Conditions Products % Yield 
N,N-dlmethylamhne P 203C14' DMF 17h at 65°C 4·Me2NC6H4CHO 99 
o-dlmethoxybenzene P 203C14' DMF 24h at 95°C 3,4·(MeO)2C6H3CHO 52 
o-dimethoxybenzene P20 3CI4'NMFA 3h at 120°C 3,4·(MeO)2C6H3CHO 83 
m-dimethoxybenzene P 203C14' DMF 4h at 100°C 2,4-(Me%C6H3CHO 99 
p-dimethoxybenzene P 203C14' DMF 48h at 100°C 2,5·(MeOhC6H3CHO 40 
resorcinol P 203C14' DMF 5h at 20°C 2,4·(HO)2C6H3CHO 88 
1-methoxynaphthalene P 203C14' DMF 28h at 100°C 1-MeOC10H6CHO 96 
2·methoxynaphthalene P 203C14' DMF 28h at 100°C 2-MeOC10H6CHO 90 
naphthalene P 203C14' DMF 48h at 100°C 1·C10H7CHO 0 
m·xylene P 203C14' DMF 120h at 100°C 2,4.Me2C6H3CHO 0 
p·xylene P 203C14' DMF 120h at 100°C 2,5-Me2C6H3CHO ca1 
mesitylene P 203C14' DMF 96h at 100°C 2,4,6·Me3C6H2CHO ca1 
Table 13 
Aromatic compound Reagents Conditions Products % Yield 
Anisole P 203C14' DMF 24h at 100°C 4·MeO C6H4 CHO 70.5 
2-MeO C6H4 CHO 4.5 
Anisole P20 3CI4'NMFA 24h at 100°C 4-MeO C6H4 CHO 72 
2-MeO C6H4 CHO 1 
Anisole POCI3'DMF 24h at 100°C 4·MeO C6H4 CHO 35.5 
2-MeO C6H4 CHO 2.5 
Anisole Me2NCHCI+ cr 24h at 100°C 4·MeO C6H4 CHO 1 
2·MeO C6H4 CHO 0 
Table 14 
Formylation of anisole with pyrophosphoryl chloride and DMF gave anisaldehyde 
in 75% yield, with an ortho- to para- isomer ratio or 9.4 to 0.6, as in table 14. A 
similar reaction using phosphoryl chloride instead of pyrophosphoryl chloride 
gave the same product in the same isomer distribution. The preformed iminium 
salt, N,N-dimethylchloromethyleneiminium chloride is insufficiently electrophilic 
to give, with anisole, anything other than trace amounts of products. 
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Two conclusion can be drawn from these observations: 
(i) From the regiochemistry it can be deduced that in the classical Vilsmeier-
Haack reaction, the phosphorus iminium species (197) is present and acts as an 
electrophile. 
(ii) The much poorer yield in classical reactions suggests that the phosphorus 
iminium species (197) is in equilibrium with other less electrophilic species such 
as the chloroiminium ion. 
To show that the regiochemical distribution of this reaction can vary with subtle 
variations in the electrophile, a reaction was performed with NMFA, as in table 
14. This would give rise to a larger electrophile and an increase in para-
substitution would be expected. 
This reaction gave very high selectivity (72:1 ratio) for the para-position which is 
in accord with this hypothesis. 
Other factors that influence the Vilsmeier-Haack reaction of anisole were 
investigated. For example carrying out the reaction in a solvent generally 
reduces the overall yield. This is shown in table 15. In general the best 
conditions were to dissolve the aromatic compound in the almost neat iminium 
salt with a small excess of formamide to make the system homogeneous. 
Aromatic compound Reagents Conditions Product % Yield 
Anisole P20 3CI4 1 DMF 24h at 100°C MeOCsH.CHO 75 
+ Toluene 24h at 100°C MeOCsH4CHO 2l 
Anisole POCIa/DMF 24h at 100°C MeOCsH4CHO 38 
+ excess POCI3 24h at 100°C MeOCsH4 CHO 18 
Table 15 
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5.3.3 NMR Studies of Iminium Ions in Vllsmeier-Haack Reactions 
In order to gain more information (albeit qualitative) about the nature of the 
electrophile in the classical Vilsmeier·Haack reaction, a series of high field NMR 
spectra were taken on the following: 
(i) pyrophosphoryl chloride and DMF 
(11) N,N-dimethylchloromethyleneiminium chloride 
(Ill) phosphoryl chloride and DMF 
The NMR spectra of (i) gives the chemical shifts of the phosphorus iminium 
species. It can be seen that no phosphorus long range coupling was observed. 
This partially explains why the controversy arose about the mechanism of the 
Vilsmeier·Haack reaction and why Martin and Poignant82a.91 came to the 
conclusion that the electrophile in the Vilsmeier-Haack reaction was phosphorus 
free. Secondly it can be seen that the two methyl groups have different chemical 
shifts, which is consistent with a structure that contains a double bond as shown. 
In the proton NMR spectrum of iminium species in case (11), it can be seen that 
the two methyl groups are indistinguishable, which is consistent with a structure 
that has a lot of single bond character. Additional evidence for this hypothesis 
comes from the relatively high volatility of N,N-dimethylchloromethyleneiminium 
chloride (sublimes at 60°C, 0.01 mmHg), showing that it has a great deal of 
covalent character. The chemical shift of the methine proton is 0.9 ppm further 
downfield than that of the phosphorus iminium ion species in case (I). This is 
sometimes observed when going from a methine bonded to an oxygen atom to 
one bearing a chlorine."9 
Case (I) 
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From the NMR data for case (Ill), the electrophile in the classical Vilsmeier-
Haack reaction, is intermediate between the chloroiminium species (11) and the 
phosphorus iminium species (I). The two methyl Signals in both the carbon and 
proton spectra are very broad and degenerate in the proton spectrum. This is 
indicative of a species without a fixed structure and some single bond character. 
Also the chemical shift of the methine proton is in between that for (I) and (11), 
implying that chloro and phosphorus iminium species both contribute to the 
structure. 
Case (Ill) lH Data 13C Data 
a/ppm Integration comment a/ppm comment 
POCI3 + DMF Complex 9.65 1H broad 165.14 broad 
3.73 6H broad 49.55 very broad 
44.22 very broad 
5.3.4 Proposed Structure of the Electrophlle In the Classical 
Vllsmeler-Haack Reaction 
The data from the Vilsmeier-Haack reactions of anisole are in accordance with 
the NMR data of the iminium ions and surprisingly with both sides of the debate in 
the literature as to the nature of the electrophile. All the available evidence 
indicates that the electrophile is an equilibrium mixture containing three distinct 
species although the position of the equilibrium has yet to be determined. This is 
shown in scheme 64. 
Scheme 64 
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5.3.5 Reactions of Heteroaromatic Compounds 
Indole and N-methylindole are both formylated in the 3-posltion in 97% and 98% 
yields respectively with the DMF - pyrophosphoryl chloride complex, equation 
71. The literature yield84 for the reaction of indole with phosphoryl chloride -
DMF is 97% and so the use of pyrophosphoryl chloride is of no real improvement. 
00 
I 
R 
R= HorMe 
Equation 71 
((1CHO ~ I I 
N 
I 
R 
Similarly, 2-methylindole and N,2-dimethylindole are readily formylated with 
pyrophosphoryl chloride and DMF to give the 3-formyl derivatives in 88% and 
95% yields respectively. 
The Vilsmeier-Haack reaction of thiophene with pyrophosphoryl chloride and 
NMFA gave 2-thiophenecarbaldehyde in 75% yield which is the same as 
literature yields.85 With electron rich heterocycles, the increased electrophilicity 
of the pyrophosphoryl chloride reagent systems offers little or no advantage over 
the classical reagents such as phosphoryl chloride - dialkylformamide complexes 
or preformed chloroiminium salts. 
5.3.5 Reactions of Pyrroles 
In order to investigate how the regiochemistry of the Vilsmeier-Haack reaction 
varies with variations in the structure of the electrophiles, a series of reactions 
was performed with some N-alkyl pyrroles. These would be expected to 
mixtures of 2- and 3- regioisomers. With smaller electrophiles, substitution in the 
2-position would be preferred, but as the size of the electrophile increases, the 
proportion of 3-substitution would increase due to steric factors. 
The formylation reactions of N-methylpyrrole are shown and table 16. It can be 
seen that the yields and regioisomer distribution of the pyrophosphoryl chloride 
and the phosphoryl chloride reactions are very similar. The chloroiminium ion 
however has approximately twice the selectivity for the 2-position than the two 
phosphorus containing reactions (ie 30:1 compared with 15 :1 isomer ratios) but 
gives a slightly lower yield. This suggests that the electrophile in the phosphoryl 
chloride reaction is the larger, more electrophilic phosphorus iminium ion. 
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B~a!jiQD:i Qf tl-lll~tbl1ll2l1[[QI~ 
Reagents Conditions % Yield Product % Distribution 
P 203CI41 DMF 18h at 20°C 93 2-CsHsNCHO 94.8 
3-CsHsNCHO 52 
POCI3 /DMF 18h at 20°C 90 2-CsHsNCHO 93.5 
3-CsHsNCHO 65 
Me2NCHCI+ cr 18h at 20°C 80 2-CsHsNCHO 96.7 
in DMF 3-CsHsNCHO 3.3 
Table 16 
In the Vilsmeier-Haack formylation reactions of N-benzylpyrrole, table 17, a 
small but significant difference in the regioisomer distribution can be seen 
between N,N-dimethylformamide and N-methylformanilide. The latter gave rise 
to a larger electrophile, and an increase in the proportion of 3-substitution 
because of slightly greater steric hindrance. The phosphoryl chloride reaction is 
more selective for the 2-position. 
Bea!jiQM Qf tJ=beDzl1ll2)l[mle 
Reagents Conditions % Yield Product % Distribution 
98 2-C11Hll NCHO 81.6 
3-CllHll NCHO 18.4 
97 2-C11 Hll NCHO 77.3 
3-C11 H11 NCHO 22.7 
POCI3 I DMF 18h at 20°C 96 2-CllHll NCHO 90.0 
3-C11 Hll NCHO 10.0 
Table 17 
In the reactions of N-triisopropylsilylpyrrole a similar difference in regiochemistry 
between N,N-dimethylformamide and N-methylformanilide is observed. The 
origin of the 2-isomer in both these reactions probably comes about by 
desilylation followed by substitution in the 2-position. The desilylation is thought 
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to come about by attack on the silicon atom by the anion in these reactions. It has 
been reported that N-triisopropylsilylpyrrole undergoes substitution exclusively 
at the 3-position with N,N-dimethylchloromethyleneiminium chloride.21 
Reactions of N-triisopropylsilylpyrrole 
Reagents Conditions % Yield Product % Distribution 
P 203C14' DMF 18h at 20°C 80 2-C4H4NCHO 17.5 
3-C4H4NCHO 82.5 
P 203C14' NMFA 18h at 20°C 68 2-C4H4NCHO 10.3 
3-C4H4NCHO 89.7 
Table 18 
These results for the formylation of pyrroles are in accordance with the hypothesis 
that in the classical Vilsmeier-Haack formylation reaction, the electrophile is 
intermediate in behaviour between the phosphorus iminium ion and the 
chloroiminium ion. It appears to react as if it were an eqUilibrium mixture of these 
two species, both of which are equally capable of reacting with pyrroles. 
5.4 Vllsmeler·Haack Reactions of Oxamldes 
5.4.1 IntrodUction 
As a way of potentially increasing the electrophilicity of the electrophile in the 
Vilsmeier-Haack reaction, it was postulated that an iminium ion bearing an 
electron withdrawing group would allow less electron rich aromatic compounds to 
be acylated. 
The Vilsmeier-Haack reactions of oxamides with aromatic compounds would lead 
to the formation of alkyl arylglyoxylates and would complement the procedures 
described in chapter 3 With oxalyl chloride and alkyl alcohols. This route was 
investigated as a way of preparing aryl glyoxylates in better yields that the Lewis 
acid catalysed Friedel-Crafts acylation reactions of alkyl oxalyl chlorides.103 Also 
these reactions might be expected to give different regioisomer distributions and 
provide information as to the mechanism of the Vilsmeier-Haack acylation. 
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5.4.2 Preparation of Oxamldes 
Two oxamides (199) and (200) were prepared by reacting methyl oxalyl 
chloride with either pyrrolidme or morpholine using triethylamine as the base. 
The yields were 79% and 89% respectively in these two reactions, as shown in 
equations 72a and 72b. 
0 
+Q M'O~O ~CI Et3N1 Et20 MeO .. 
0 H o (199) 
0 (0) o rO ~CI Et3N I Et20 Meo~N~ MeO + .. N 0 H o (200) 
Equations 728 and 72b 
5.4.2 Reactions of Oxamldes wIth Benzenold Aromatic Compounds 
The Vilsmeler·Haack acylation of meta-dimethoxybenzene with phosphoryl 
chloride with methyl (N-pyrrolidinyl)glyoxylate (199) gave the expected methyl 
(2,4·dimethoxyphenyl)glyoxylate (201) in 31% yield, equation 73 and table 
19. The yield is dramatically improved to 82% by using pyrophosphoryl chloride 
instead of phosphoryl chloride in the reaction. This is presumably because in the 
phosphoryl chloride reaction, the less electrophilic chloroiminium or non-ionic 
species are present. A further improvement in yield was achieved by using 
methyl (N-morpholinyl)glyoxylate (200) in place of (199). The improvement in 
yield here appears to be due to the increased electrophilicity because of the 
electron withdrawing effect of the oxygen in the morpholinyl residue. This greater 
electron withdrawing capability of morpholine relative to pyrrolidine is 
demonstrated by comparing the pKa values. Morpholine has a pKa of 8.4 
whereas pyrrolidine has a pKa of 11.3.120 Also the difference in reactivity may be 
due to the slightly greater thermal stability of the morpholine derived iminium salt. 
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I . 
OMe 
~+ 1. (i), (H) or (iii) o OMe llAoMe 2. (iv) --~~--~.- Me02C (201) 
Rl = R2 = -C4HS- or -C2H40C2H4-
Reagents: (i) POCI3 / (199), (h) P20 3C14 / (199), 
(iii) P20 3C14 / (200), (iv) NaOH / H20. 
Equation 73 
Aromatic compound Reagents Conditions Product 
1 ,3·(MeOh CSH4 POCI3 / (199) 16h at 60°C 2,4·(MeO)2CSH3 (COhOMe 
1 ,3·(MeO)2 CSH4 P 203C14' (199) llh at 60°C 2,4·(Me%CsH3 (COhOMe 
1 ,3·(MeO)2 CSH4 P 203CI4 , (200) 24h at 60°C 2,4-(MeO)2 CSH3 (COhOMe 
Table 19 
OMe 
% Yield 
31 
82 
m 
The acylation reactions of anisole with methyl (N-pyrrolidinyl)glyoxylate (199) 
and either phosphoryl chloride or pyrophosphoryl chloride did not work. It was 
found that the anisole was recovered unreacted an.d the oxamide reagent was 
converted to a black intractable tar. This failure appeared to be due to the 
iminium salt being unstable at the temperature required for a reaction to occur. It 
was estimated that temperatures in excess of 100° C were needed for the 
reaction to work smoothly, but the iminium salt is apparently unstable above 
70°C. 
The reaction of methyl (N-morpholinyl)glyoxylate (200) and pyrophosphoryl 
chloride with anisole at 110° C for 6 hours gave the expected product (202) in 
34% yield, equation 74. Similar reactions at 100°C for 20 hours and 90° C for 5 
days gave approximately 30% and 2% yields respectively. At these 
temperatures, the iminium salt is relatively unstable and is converted to black tar. 
At 130°C the iminium salt rapidly decomposes with the evolution of a gas, 
presumably carbon dioxide. 
It is of note that the reactions of the iminium salts derived from these two 
oxamides suggested that they are not as electrophilic as might be expected, 
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especially when compared with those of formamides. The phosphorus oxyhalide 
complexes with the oxamides appear to be of higher energy since their formation 
is only very slightly exothermic, when compared with the highly exothermic 
reactions of formamides. A possible explanation for this paradox is that the 
electrophilic centre is very sterically hindered. 
OMe (200) ~ 0 6 r OMe 1. P203CI4 + N 6h at 1100 C Me02C O~ 0 .. 2. NaOH I H20 Yield = 34% (202) OMe 
Equation 74 
5.4.3 Reactions of Oxamides with Heteroaromatic Compounds 
The reaction of N-methylindole with methyl (N-pyrrolidinyl)glyoxylate (199) 
proceeded in good yield to give the expected methyl (N-methylindolyl)glyoxylate 
(131). When pyrophosphoryl chloride was added to a mixture of the oxamide 
and indole, this gave (131) in 69% yield, along with a 30% yield of the indole 
dimer (94). Clearly, the acid produced in this reaction causes the dimerisation 
reaction of N-methylindole. It was found that this problem could be reduced by 
adding the indole to the preformed iminium salt. This improved the yield of (131) 
to 79% and reduced the yield of the dimer (94) to 20%. This is shown in 
scheme 65. 
(JQ 
I 
Me 
• 2. NaOHI HP 
O,POCl2 
+ A 1. N-methylindole a C02Me 2. NaOH I ~O • 
·OPOCI2 
Scheme 65 
(131 ) 
C02Me 
Yield. 
(131) 69% 
(94) 30% 
Yield. 
(131) 79% 
(94) 20% 
The problem of acid catalysed decomposition of the heterocyclic ring was severe 
with 2-methylfuran, from which no product was isolated. With N-methylpyrrole, 
the pyrophosphoryl chloride-oxamide reagent gave the methyl (N-
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methylpyrrolyl)glyoxylate in 29% yield as a 6.3:1.0 mixture of 2- (203) and 3-
(204) isomers. This poor yield appeared to be due to acid catalysed 
polymerisation of the N-methylpyrrole. The yield in this reaction was improved to 
54% (3.0:1.0 2- to 3- isomer mixture) by mixing bis-trimethylsilylacetamide with 
the N-methylpyrrole and adding this the iminium salt. The bis-
trimethylsilylacetamide reacted with the acid given off in the reaction and hence 
reduced the amount of polymerisation, equation 75. Also of note is that there is 
a higher proportion of the 3-isomer formed in this acylation reaction than in the 
equivalent formylation reaction. 
.. 
(203) 
9Y~ COMe N 2 I 
Me 0 
O~ 0 ~ + O)lC02M9 
Me (119) 1h at O°C 
Yield =40% 
Equation 75 
o 
<;j'o4) 
+ r ~ 
N 
I 
Me 
C02Me 
Yield = 14% 
The acylation of N-benzylpyrrole was not prone to the problem of acid catalysed 
polymerisation, and gave the two isomers of methyl (N-benzylpyrrolyl)glyoxylate 
in 86% total yield. This reaction was unusual in that the 3-isomer (205) was the 
major product (53% yield compared with 33% yield for the 2-lsomer), equation 
76. This result confirms the hypothesis that the iminium salts derived from 
oxamides are very sterically hindered. 
1h at QOC 
Yield =33% 
Equation 76 
5.4.4 Conclusions (Oxamide Reactions) 
Yield =53% 
The use of oxamides in the Vilsmeier-Haack acylation reaction provides an 
alternative to the Friedel-Crafts acylation reactions with oxalyl chloride followed 
by quenching in an alcohol. The main differences between the two reactions are: 
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(i) Oxamides I pyrophosphoryl chloride cannot be used with aromatic 
compounds less reactive than anisole whereas the Friedel-Crafts reaction will 
work on unreactive aromatics such as benzene. 
(ii) Oxamides I pyrophosphoryl chloride cannot be used on very acid sensitive 
compounds such as 2-methylfuran, whereas oxalyl chloride can to a limited 
degree of success.103 
(iii) Oxamides give rise to very sterically hindered electrophiles that give 
exclusively 4-substitution in anisole and the 3-isomer as the major product with 
N-benzylpyrrole. whereas oxalyl chloride gives the 2-isomer with N-
benzylpyrrole and a small amount of ortho-substitution with anisole.103 
5.5 Conclusions 
The use of pyrophosphoryl chloride in the Vilsmeier-Haack reaction has provided 
a useful insight into the mechanism of the classical Vilsmeier-Haack with 
phosphoryl chloride, and allowed the yields of many of these reactions to be 
improved. Also, the use of pyrophosphoryl chloride allows the Vilsmeier-Haack 
reactions of new ami des such as oxamides to be investigated, which give poor 
yields with phosphoryl chloride. 
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Chapter 6 
Experimental 
6.1 General Information About Procedures 
Melting points were recorded with an ElectrothermallA-8102 digital melting point 
apparatus and are uncorrected. For column chromatography on silica gel, Matrex® 
Silica SO was used. TLC was carried out using aluminium backed plates coated 
with Merck Kieselgel SO F254. Gas chromatography was performed with a Pye-
Unicam series 104 chromatograph, fitted with a 10% Carbowax 20M column and a 
flame ionisation detector. HPLC was performed with a Pye-Unicam PU-4015 
machine filled with a Spherisorb 5 ODS 2 column and a PU-4020 ultraviolet 
detector. Ultraviolet spectra were recorded on a Shimadzu UV-1S0 
spectrophotometer, using 1 cm silica cells and ethanol as the solvent. The optical 
rotations were recorded using an Optical Activity Ltd. polarimeter, with a 10 cm cell 
and chloroform as the solvent at 25°C. Infrared spectra were recorded using either 
a Nicolet-205 FTIR, Phillips PU-9510 or Perkin-Elmer 1S00 Series FTIR 
spectrophotometers. The technique used was either liquid film between sodium 
chloride plates or by incorporation into a potassium bromide disc for solids. 
Proton NMR spectra were recorded using either a Varian EM-3S0A, Varian EM-
390, Bruker 250AC or Bruker 400AC spectrometers. Carbon NMR spectra were 
recorded on either a Bruker WP-80, Bruker 250AC or Bruker 400AC 
spectrometers. The samples were (unless otherwise stated) dissolved in 
deuteriated chloroform. The values quoted are all in ppm, relative to the internal 
standard, tetramethylsilane. Sometimes two figures are quoted for the chemical 
shift with compounds that are diastereomeric mixtures that were not separated. 
This refers to the chemical shift for the equivalent carbon or hydrogen atoms in the 
two diastereomers. Unless otherwise stated, the diastereomer ratios were 
obtained by integration of suitable (well separated) peaks in the proton NMR 
spectrum of the crude unseparated product. 
Mass spectra were recorded on a Kratos MS-80 spectrometer by electron impact. 
Where the molecular ion was detected, its accurate mass was recorded, otherwise 
the low resolution mass spectrum is quoted. 
11S 
The solvents used were dried, distilled and stored over 4A molecular sieves 
(unless otherwise stated), by the following techniques: 
acetonitrile 
benzene: 
dichloromethane: 
diethyl ether: 
N,N-dimethylformamide: 
ethanol: 
ethyl acetate: 
methanol: 
petroleum ether: 
pyridine: 
tetrahydrofuran: 
toluene: 
triethylamine: 
distilled from phosphorus pentoxide, 
distilled from and stored over sodium wire, 
distilled from phosphorus pentoxlde, 
distilled from calcium chloride and where 
necessary, distilled from and stored over sodium wire, 
vacuum distilled from calcium hydride, 
distilled from magnesium ethoxlde, 
distilled from calcium chloride, 
distilled from magnesium methoxide, 
fractionally distilled, 
distilled from calcium hydride, 
distilled from either sodium or potassium using 
benzophenone as an indicator, prior to use, 
distilled from either phosphorus pentoxide or calcium 
hydride, 
distilled from and stored over potassium hydroxide. 
6.2 Experimental For Chapter 2 
Methyl djmethoxyacetate 94 
Procedyre 1 
o 
MeoJYOMe 
OMe 
(93) 
Sodium (321 g, 14.0 mol) was added portionwise to dry methanol (3000 cm3), and 
stirred with a mechanical stirrer under reflux until all the sodium had dissolved and 
while hot, dichloroacetic acid (515 g, 4.0 mol) was added dropwise at a rate such 
that a steady reflux was maintained. The resultant slurry was heated under reflux 
for 18 hours, cooled and neutralised to pH7 with saturated methanolic hydrogen 
chloride. Thionyl chloride (238 g, 2.0 mol) was added with cooling (ice bath), and 
stirred for a further 18 hours at 20° C. The precipitate of sodium chloride was 
filtered off and the unreacted methanol distilled off at atmospheric pressure. 
117 
Further filtration and vacuum distillation (b.p. 60° C at 10 mmHg. lit. 121 67°C at 18 
mmHg) gave methyl dimethoxyacetate (540 g. 70%) as a colourless oil. vmax / 
cm·1 1750 (ester C=O); 1)H (250 MHz; CDCI3) 3.40 (6H. s). 3.83 (3H. s). and 4.80 
(1H. s); /lc (20 MHz; CDCI3) 52.3 (ester OCH3). 53.9 (2 x OCH3). 99.0 (CH). and 
178.0 (ester C). 
Methyl djmethoxyacetate 94 
Procedure 2 
Sodium (23.0 g. 1.0 mol) was added portionwise to methanol (250 cm3). and 
stirred with a magnetic stirrer under reflux until all the sodium dissolved and while 
hot. dichloroacetic acid (25.8 g. 0.2 mol) was added dropwise at a rate such that a 
steady reflux was maintained. The resultant slurry was heated under reflux for 18 
hours. cooled and neutralised to pH3 with saturated methanolic hydrogen chloride. 
After 1 hour at 20° C. the mixture was cooled to O°C and the white precipitate of 
sodium chloride filtered off. Excess of methanol was removed by distillation at 760 
mmHg and vacuum distillation (b.p. 60° C at 10 mmHg. 1it.121 67°C at 18 mmHg) of 
the residue gave methyl dimethoxyacetate (21.3 g. 80%). 
pjmethoxyacetjc acid 96 
o 
HO~OMe (85) 
OMe 
Sodium (23.0 g. 1.0 mol) was added portionwise to methanol (250 cm3). and 
stirred with a magnetic stirrer under reflux until all the sodium dissolved and while 
hot. dichloroacetic acid (25.8 g. 0.2 mol) was added dropwise at a rate such that a 
steady reflux was maintained. The resultant slurry was heated under reflux for 18 
hours. cooled and neutralised to pH7 with saturated methanolic hydrogen chloride. 
Removal of methanol was achieved by evaporation followed by azeotropic 
distillation with toluene (2 x 100 cm3). The resultant white powder was suspended 
in dry diethyl ether (100 cm3). and acidified to pH2 with ethereal hydrogen chloride. 
Filtration followed by evaporation gave dimethoxyacetic acid (19.2 g. 80%) as an 
unstable colourless oil. b.p. 60-65° C at 0.5 mmHg dec.; vmax / cm-1 3700-2400 
(very broad) (acid OH). 2950 CC-H). and 1762 (slightly broadened) (acid C=O); 1)H 
(90 MHz; CDCI3) 3.43 (6H. s). 4.83 (1H. s). and 9.2 (1H. broad singlet). 
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Methyl phenylmethoxyacetate 94 
Procedure 1 
~~ Meo~ 
OMe 
A solUlion of tin tetrachloride (1.563 g. 6.0 mmol) and methyl chloromethoxyacetate 
(0.831 g. 6.0 mmol) in benzene (20 cm3) was heated under reflux for 12 hours in a 
dry flask. under nitrogen. The cold reaction mixture was treated with a saturated 
aqueous solution of sodium hydrogen carbonate (30 cm3). filtered and extracted 
with dichloromethane (3x30 cm3). dried (MgS04 ). filtered and the solvent 
evaporated. Kugelrohr distillation yielded pure methyl phenylmethoxyacetate 
(0.92 g. 85%) as a colourless oil. b.p. 70° C at 0.05 mmHg. lit. 94 119°C at 11 
mmHg; vmax I cm·t 1752 (ester C=O); IiH (250 MHz; CDCI3). 3.40 (3H. s). 3.72 
(3H. s). 4.78 (1 H. s). and 7.37-7.26 (5H. m); lic (62.9 MHz; CDCI3) 52.21 (ester 
QC H3). 57.32 (OCH 3)' 82.59 (CH). 127.24 (2 x CH). 128.66 (CH). 128.77 (2 x CH). 
136.25 (C). 171.0 (ester C); Found: M+. 180.0799 calc. for CtoHt203 180.0786. 
Methyl phenylmethoxyacetate 94 
Procedure 2 
A solution of titanium tetrachloride (0.66 cm 3 • 6.0 mmol) and methyl 
dimethoxyacetate (0.805 g. 6.0 mmol) in benzene (20 cm3) was heated under 
reflux for 24 hours in a dry flask. under nitrogen. The cold reaction mixture was 
treated with a saturated aqueous solution of sodium hydrogen carbonate (30 cm3). 
filtered and extracted with dichloromethane (3x30 cm3). dried (MgS04). and the 
solvent evaporated. Kugelrohr distillation yielded pure methyl phenylmethoxy-
acetate (0.55 g. 51%). b.p. 70° C at 0.05 mmHg. lit. 94 119°C at 11 mmHg. The 
spectral data were identical to that given in procedure 1. 
Methyl phenylmethoxyacetate 94 
Procedure 3 
A solution of trimethylsilyl triflate (0.97 em3• 6.0 mmol) and methyl 
dimethoxyacetate (0.805 g. 6.0 mmol) in benzene (30 cm3) was heated under 
reflux for 44 hours in a dry flask. under nitrogen. The cold reaction mixture was 
treated with a saturated aqueous solution of sodium hydrogen carbonate (30 cm3). 
extracted with dichloromethane (3x30 em3). dried (MgS04 ). and the solvent 
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evaporated. Kugelrohr distillation yielded pure methyl phenylmethoxyacetate 
(0.83 g. 71 %). b.p. 70° C at 0.05 mmHg. lit. 94 119°C at 11 mmHg; spectral data 
were as for procedure 1. 
Methyl 12-methylphenyllmethoxyacetate 94 
Methyl 14-methylphenyl)methoxyacetate 94 
(868) ~ ~ 
Meo~ 
OMe Me 
(86b) 0 '7 I JyOMe MeO ~ 
OMe 
A solution of tin tetrachloride (1.303 g. 5.0 mmol). methyl chloromethoxyacetate 
(0.692 g. 5.0 mmol). and toluene (2.304 g. 25 mmol) was heated under reflux in 
dichloromethane (30 cm3) for 12 hours in a dry flask. under nitrogen. The cold 
reaction mixture was treated with a saturated aqueous solution of sodium hydrogen 
carbonate (30 cm3). filtered and extracted with dichloromethane (3x30 cm3). dried 
(MgS04). and the solvent evaporated. Kugelrohr distillation yielded a mixture of 
methyl (2-methylphenyl)methoxyacetate (36% yield by NMR) (86a) and methyl 
(4-methylphenyl) methoxyacetate (86b) (50% yield by NMR). both as a colourless 
oils (0.843 g. 86% total yield). b.p. 90° C at 0.05 mmHg. lit. 94 130°C at 11 mmHg. 
The two regioisomers were not separable. but it was possible assign the spectral 
data to either compound. 
Methyl (2-methylphenyl)methoxyacetate (86a). vmax I cm-1 1745 (ester C=O); IiH 
(250 MHz; CDCI3) 2.40 (3H. s). 3.34 (3H. s). 3.64 (3H. s). 4.98 (1 H. s). and 7.11-
7.45 (4H. m); lie (62.9 MHz; CDCI3) 19.25 (CH3). 52.03 (ester OCH3). 57.21 
(OCH3). 79.70 (CH). 126.31 (CH). 127.50 (CH). 128.61 (CH). 130.72 (CH). 134.70 
(C). 136.58 (C). and 171.25 (ester C). 
Methyl (4-methylphenyl)methoxyacetate (86b). vmax I cm-1 1754 (ester C=O); IiH 
(250 MHz; CDCI3) 2.29 (3H. s). 3.35 (3H. s). 3.64 (3H. s). 4.72 (lH. s). 7_15 (2H. d) 
and 7.36 (2H. d); lic (62.9 MHz; CDCI3) 21.12 (CH3). 52.07 (ester OCH3). 57.10 
(OCH3). 82.34 (CH). 127.24 (2 x CH). 129.35 (2 x CH). 133.35 (C). 138.51 (C). and 
171.25 (ester C). 
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Methyl 12,5-djmethylpheny!)methoxyace!ate 
Procedure 1 
Me 
~9' ~ I (87) MeO 
OMe Me 
A solution of tin tetrachloride (1,303 g, 5,0 mmol), methyl chloromethoxyacetate 
(0,692 g, 5,0 mmol), and para-xylene (1,593 g, 15 mmol) was heated under reflux 
in dichloromethane (30 cms) for 48 hours in a dry flask, under nitrogen, The cold 
reaction mixture was treated with a saturated aqueous solution of sodium hydrogen 
carbonate (30 cm3), filtered and extracted with dichloromethane (3x30 cm3), dried 
(MgS04), and the solvent evaporated, Kugelrohr distillation gave methyl (2,5-
dimethylphenyl!methoxy acetate (0,669 g, 64%) as a colourless oil, b,p, 1200 C 
at 0.4 mmHg; vmax I cm·1 1756 (ester C=O); OH (250 MHz; CDCI3) 2,31 (3H, s), 
2,37 (3H, s), 3,39 (3H, s), 3,72 (3H, s), 4,95 (1 H, s), 7,09 (2H, m), and 7,36 (1 H, 
m); Oc (62,9 MHz; CDCls) 18,84 (CH3), 20,94 (CH3), 53,14 (ester OCH3), 57,32 
(OCH3), 79,70 (CH), 127,90 (CH), 129,36 (CH), 130,62 (CH), 133.40 (C), 134,36 
(C), 135,87 (C), and 171.22 (ester C); Found: M+, 208,1107 C12H1S03 requires 
208,1099, 
Methyl 12,5-djmethylpheny!)methoxyace!ate (87) 
Procedure 2 
A solution of titanium tetrachloride (0,66 cm3, 6,0 mmol), methyl 
chloromethoxyacetate (0,831 g, 6,0 mmol), and para-xylene (3.185 g, 30 mmol) 
was heated under reflux in dichloromethane (30 cm3) for 12 hours in a dry flask, 
under nitrogen, The cold reaction mixture was treated with a saturated aqueous 
solution of sodium hydrogen carbonate (30 cms), filtered and extracted with 
dichloromethane (3x30 cm3), dried (MgS04), and the solvent evaporated, 
Kugelrohr distillation yielded methvl (2,5-dimethylphenyl!methoxy acetate(0,992 g, 
80%) as a colourless oil, b,p, 1200 C at 0.4 mmHg; spectral data were as for 
procedure 1, 
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Methyl bjs(2.5-dimethylphenyllacetate 
(88) 
Me02C Me 
A solution of titanium tetrachloride (0.66 cm3 , 6.0 mmol), and methyl 
dimethoxyacetate (0.805 cm3, 6.0 mmol) in para-xylene (10 cm3) was heated at 
80°C for 24 hours in a dry flask, under nitrogen. The cold reaction mixture was 
treated with a saturated aqueous solution of sodium hydrogen carbonate (30 cm3), 
filtered and extracted with dichloromethane (3x30 cm3), dried (MgS04), and the 
solvent evaporated. Kugelrohr distillation yielded methvl (2,5-dimethyl-
phenyllmethoxy acetate (87) (0.602 g, 48%) as a colourless oil and methyl 
bis(2.5-dimethyIDhenvl)acetate (88) (0.520g, 31 %) as a crystalline solid, m.p. 84-
86°C; b.p. 170°C at 0.4 mmHg; Vmax I cm·1 1733 (ester C=O); BH (250 MHz; 
CDCI3), 2.18 (6H, s), 2.28 (6H, s), 3.75 (3H, s), 5.24 (1 H, s), and 6.84-7.08 (6H, 
m); Bc (62.9 MHz; CDCI3) 18.94 (2 x CH3), 21.15 (2 x CH3), 50.94 (ester OCH3), 
52.23 (CH-Ar2), 127.95 (2 x CH), 128.86 (2 x CH), 130.33 (2 x CH), 133.17 (2 x C), 
135.53 (2 x C), 136.12 (2 x C), and 173.46 (ester carbonyl); mlz 282 (M+, 22%), 
223 (59, M+ - C02CH3). 
Methyl {2,5-dimethoxyphenyllmethoxyacetate (89) 
Methyl bjs(2,5-djmethoxyphenyllacetate 
~:Me ~ I (89) MeO 
OMe OMe 
MeO 
Tin tetrachloride (1.563 g, 6.0 mmol) was added dropwise to a solution of methyl 
chloromethoxyacetate (0.692 g, 5.0 mmol), para-dimethoxybenzene (1.593 g, 15 
mmol) in dichloromethane (25 cm 3) with cooling (ice bath). After 2 hours, the 
reaction mixture was treated with a saturated aqueous solution of sodium hydrogen 
carbonate (30 cm3), filtered and extracted with dichloromethane (3x30 cm3), dried 
(MgS04), and the solvent evaporated. Kugelrohr distillation yielded methyl (2,5-
dimethoxyphenyl!methoxy acetate (89) (1.042 g, 80%) as a colourless oil and 
methyl bis(2,5-dimethoxyphenyl1acetate (0.139 g, 8%) as a crystalline solid. 
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Methylf2.5-dimethoxyphenvllmethoxyacetate (89). bp. 130° C at 0.05 mmHg; 
Vrnax I cm-1 1749 (ester C=O); ~H (250 MHz; CDCI3) 3.40 (3H. s). 3.72 (3H. s). 
3.78 (3H. s). 3.82 (3H. s). 5.20 (1 H. s). 6.85 (2H. m). and 6.97 (1 H. m); ~c (62.9 
MHz; CDCI 3) 52.23 (ester OCH 3). 55.77 (OCH3). 56.53 (OCH3). 57.47 (OCHa). 
76.24 (CH). 112.54 (CH). 113.51 (CH). 115.23 (CH). 125.73 (C). 151.51 (C). 
153.88 (C). and 171.40 (ester C); Found: M+. 240.1011 C12H1S0S requires 
240.0998. 
Methyl bis(2.5-dimethoxyphenyllacetate. m.p. 118°C; b.p. 180° C at 0.05 mmHg; 
Vrnax I cm-1 1740 (ester C=O); ~H (250 MHz; CDCI3) 3.69 (6H. s). 3.71 (3H. s). 
3.75 (6H. s). 3.72 (3H. s). 5.57 (1 H. s). 6.65 (2H. d. J = 2.8 Hz). and 6.73-6.83 (4H. 
m); ~c {62.9 MHz; CDClal 44.90 (CH). 52.14 (ester OCH3). 55.59 (2 x OCHa). 
56.21 (2 x OCH3). 111.63 (2 x CH). 112.33 (2 x CH). 116.09 (2 x CH). 127.73 (2 x 
C). 151.52 (2 x C). 153.51 (2 x C). and 173.50 (ester C); Found: M +. 346.1397 
C19H220S requires 346.1416. 
Methyl (2-methoxvphenyllmethoxyacetate (90) 
Methyl bis(4-methoxyphenyllacetate (92) 
MeO OMe 
(90) &C02Me 
OMe 
Tin tetrachloride (2.605 g. 10.0 mmol) was added dropwise to a solution of methyl 
chloromethoxyacetate (1.386 g. 10.0 mmol), and anisole (3.244 g, 30.0 mmol) in 
dichloromethane (20 cm3) with cooling (ice bath). After 1 hour, the reaction 
mixture was treated with a saturated aqueous solution of sodium hydrogen 
carbonate (30 cm3), filtered, extracted with dichloromethane (3x30 cm3), dried 
(MgS04). and the solvent evaporated. Kugelrohr distillation yielded methyl (2-
methoXX/2henvllmethoxyacetate (90) (0.981 g, 47%) as a viscous colourless oil 
and methvl bis(4-methoxyphenyllacetate (92) (1.339 g, 47%) as a colourless 
crystalli ne solid. 
Methyl (2-methoxyphenyllmethoxyacetate(90), b.p. 150°C at 0.02 mmHg; vmax I 
cm·1 1748 (ester C=O); Amax (EtOH) I nm 225 and 274; ~H {250 MHz; CDClal 
3.40 (3H. s), 3.72 (3H. s). 3.86 (3H, s). 5.02 (1 H. s). 6.89-7.00 (2H. m). and 7.26-
7.40 (2H. m), ~c (62.9 MHz; CDCI3) 52.10 (ester OCH3). 55.72 (OCH3). 57.44 
{OCH3).76.41 (CH). 111.00 (CH). 120.85 (CH). 124.85 (C). 128.53 (CH). 129.96 
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(CH), 157.22 (C), and 171.10 (ester C); Found: M+, 210.0885 C11H1404 requires 
210.0892. 
Methyl bis(4-methoxvphenyl!acetate, m.p. 52-54°C; b.p. 200°C at 0.02 mmHg; 
Vrnax I cm-1 1734 (ester C=O); I)H (250 MHz; COCI~ 3.73 (3H, s), 3.78 (6H, s), 
4.93 (1H, s), 6.83-6.88 (4H, m), and 7.18-7.23 (4H, m); I)c (62.9 MHz; COCI~ 
55.06 (2 x OCH3), 55.39 (ester OCH3), 55.45 (CH), 111.01 (4 x CH), 129.55 (4 x 
CH), 131.15 (2 x C), 158.76 (2 x C), and 173.21 (ester C); Found: M+, 286.1215 
C17H1S0 4 requires 286.1205. 
Tin tetrachloride I methyl (2- or 4- methoxyphenyllmethoxyacetate complex 
Tin tetrachloride (0.125 g, 0.48 mmol) was added to a solution of methyl (2-
methoxyphenyl)methoxyacetate (90) or methyl (4-methoxyphenyl)methoxy acetate 
(91) (0.10 g, 0.48 mmol) in COCI3 and tetramethylsilane. The proton NMR 
chemical shifts of both complexes were recorded at 25°C. 
Tin tetrachloride / methyl f2-methoxVDhenyllmethoxyacetate complex, I) H (250 
MHz; COCI3) 3.78 (3H, 5),3.89 (3H, s), 4.13 (3H, s), 5.58 (1H, s), 7.00-7.12 (2H, 
m), and 7.40-7.57 (2H, m). 
Tin tetrachloride / methyl (4-methoxvphenyllmethoxyacetate complex. I) H (250 
MHz; COCI3) 3.85 (3H, s), 3.86 (3H, 5), 4.15 (3H, 5), 5.26 (1 H, 5), 7.01-7.06 (2H, 
m), and 7.42-7.47 (2H, m). 
(95) 
Methyl bis(N-methyl-3-indolyl)acetate (95) 
N.N'-Oimethyl-2,3-dihydro-2,3'-biindole (94) 122 
(94) 
Zinc chloride (0.682 g, 5.0 mmol) dissolved in dry tetrahydrofuran (15 em3) was 
added to a cooled (ice bath), and stirred solution of methyl chloromethoxyacetate 
(0.693 g, 5.0 mmol), and N-methylindole (1.968 g, 15 mmol) dissolved in 
tetrahydrofuran (15 em3). After the addition was complete, the resulting red 
solution was warmed to room temperature for 2 hours. The reaction mixture was 
treated with a saturated aqueous solution of sodium hydrogen carbonate (30 cm3), 
filtered, extracted with dichloromethane (3x30 em3), dried (MgS04), and the 
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solvent evaporated. Chromatography on silica gel with diethyl ether-light 
petroleum (b.p. 40-60° C) (1 :5) gave methyl bis(N-methYf-3-;ndolv/lacetate (95) 
(1.130 g. 68%) as a colourless crystalline solid. N,N'-Dimethyl-2,3-dihydro-2,3'-
biindole (94)122 (0.629 g. 32%) as a colourless crystalline solid, and methyl 
dimethoxyacetate (93)94 (0.13 g, 19%), spectral data were as for procedure 1. 
Methyl bis(N-methYf-3-indofyf!acetate (95). m.p. 138° C; vmax I cm·1 1726 (ester 
C=O); I..max (EtOH) I nm 226 and 283; liH (250 MHz; CDCI3) 3.68 (6H. s). 3.73 
(3H. s). 5.51 (1H. s), 7.00 (2H, s). 7.08. (2H. dt. J = 1.3 and 6.5 Hz), 7.22 (4H. m). 
and 7.62 (2H, d. J = 7.5 Hz); lic (62.9 MHz; CDCI3) 32.71 (2 x NCH3), 40.21 (CH). 
52.21 (OCH3). 109.29 (2 x CH), 112.11 (2 x C). 119.12 (2 x CH). 119.29 (2 x CH). 
121.68 (2 x CH). 127.03 (2 x C). 127.88 (2 x CH). 137.08 (2 x C), and 174.03 
(ester C); Found: M+. 332.1487 C21H20N202 requires 332.1525; Found: C. 76.14; 
H, 6.03; N. 8.62. C21H20N202 requires C. 75.87; H. 6.08; N. 8.43 %. 
N.N·-Dimethyl-2,3-dihydro-2,3'-biindole (94), m.p. 137-138°C (lit. 122 136°C); 
Vmax I cm-1 3049 (aromatic C-H). 2942 (aliphatic C-H). 1607 (aromatic C=C). and 
744 (aromatic C-H deformation); liH (250 MHz; CDCI3) 2.64 (3H. s). 3.27 [2H. m 
(ABX system), J = 8.9 and 11.0 Hz), 3.75 (3H. s). 4.61 (1 H. dd. J = 8.9 and 11.0 
Hz). 6.52 (1 H. d. J = 7.8 Hz). 6.62 (1 H, t). 6.96 (1 H. s). 6.95-7.30 (5H. m). and 7.68 
(1 H. d, J = 8.0 Hz); lie (62.9 MHz; CDCI3) 32.69 (NCH3). 34.08 (NCH3). 37.82 
(CH2).64.72 (CH). 107.20 (CH). 109.35 (CH). 115.05 (C). 117.81 (CH). 118.95 
(CH). 120.13 (CH). 121.75 (CH). 124.01 (CH). 126.80 (C). 127.30 (CH). 127.52 
(CH). 129.24 (C). 137.50 (C). and 153.30 (C); Found: M +. 262.1484 calc. for 
C21H20N202262.1470. 
Methyl di-3-indolylacetate 
Zine chloride (0.750 g. 5.5 mmol). dissolved in dry tetrahydrofuran (10 cm3). was 
added to a cooled (ice bath). and stirred solution of methyl chloromethoxyacetate 
(0.693 g. 5.0 mmol). and indole (1.172 g. 10.0 mmol) dissolved in tetrahydrofuran 
(15 cm3). After 2 hours at 20°C. the reaction mixture was treated with a saturated 
aqueous solution of sodium hydrogen carbonate (30 cm3). filtered. extracted with 
dichloromethane (3x30 cm3). dried (MgS04). and the solvent evaporated. 
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Chromatography on silica gel with ethyl acetate-petroleum ether (b.p. 40-60°C) 
(1 :3) gave methyl di-3-indQlylacetate (1.50 g, 64%) as a colourless crystalline 
solid, m.p.147-150°C; vmax I cm·1 3404 (N-H) and 1734 (ester C=O); BH (250 
MHz; COCI3) 3.72 (3H, s), 5.50 (1H, s), 7.00-7.16 (6H, m), 7.34, (2H, m), 7.59 (2H, 
d, J = 7.8 Hz), and 9.45 (2H, broad s, O2° exchangeable); Bc (62.9 MHz; COClal 
40.51 (CH), 52.08 (OCH3), 111.46 (2 x CH), 112.93 (2 x C), 119.00 (2 x CH), 
119.10 (2 x CH), 121.61 (2 x CH), 123.65 (2 x CH), 126.59 (2 x C), 136.49 (2 x C), 
and 174.02 (ester C); Found: M+, 304.1209 C19H1SN202 requires 304.1212; 
Found: C, 74.44; H, 5.25; N, 9.18 % C19H1SN202 requires C, 74.97; H, 5.31; N, 
9.21 %. 
Methyl bisIN-methyl-2-pyrrolyllacetate 
Methyl N.N':dimethyl-2.3'-dipyrrolylacetate 
Anhydrous zinc chloride (1.635 g, 12.0 mmol), dissolved in dry tetrahydrofuran (15 
an3), was added to a cooled (ice bath), and stirred solution of methyl 
chloromethoxyacetate (1.108 g, 8.0 mmol), and freshly distilled N-methylpyrrole 
(2.596 g, 32 mmol) dissolved in tetrahydrofuran (15 cm3). After 1 hour the reaction 
mixture was treated with a saturated aqueous solution of sodium hydrogen 
carbonate (30 cm3), filtered, extracted with dichloromethane (3x30 cm3), dried 
(MgS04), and the solvent evaporated. Kugelrohr distillation (b.p. 125° C at 0.05 
mmHg) yielded a yellow oil which was further purified by chromatography on silica 
gel with diethyl ether-light petroleum (b.p. 40-60° C) (1 :5). This gave methyl bisfN-
methyl-2-pyrrolyl!acetate (97) (1.130 g, 32%) and methyl N.N'-dimethyl-2.3'-
dipyrro!ylacetate (98) (0.629 g, 22%), both as viscous colourless oils. These two 
compounds were found to be inseparable, but it was possible to assign the spectral 
data. 
Metbv/ bis(N-methyl-2-pyrrQlyl!acetate (97), Vmax I cm·1 1738 (ester C=O); BH 
(250 MHz; COCI3) 3.45 (6H, s), 3.75 (3H, s), 5.02 (1 H, s), 6.06 (4H, m), 6.56 (2H. 
m); Bc (62.9 MHz; COCI3) 33.98 (2 x NCH3), 42.89 (CH), 52.57 (OCH3).106.84 (2 
x CH). 108.91 (2 x CH). 122.98 (2 x CH). 127.42 (2 x C), and 171.20 (ester C); 
Found: M+. 232.1204 C13H1SN202 requires 232.1211. 
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Methvl N.N'-dimethyl-2.3'-dipvrrQlylacetate(98), vmax I cm,1 1738 (ester C=O); 
liH (250 MHz; CDCI3) 3.50 (3H, s), 3.57 (3H, s), 3.72 (3H, s), 4.90 (1 H, s). 5.95 
(3H, m), 6.45 (lH, m), 6.51 (lH. m). and 6.53 (lH. m); lic (62.9 MHz; CDCI3) 33.98 
(NCH3). 36.19 (NCH 3). 42.75 (CH). 52.29 (OCH3). 106.62 (CH). 107.80 (CH). 
108.37 (CH). 119.71 (C). 120.47 (CH). 121.79 (CH). 122.30 (CH). 130.25 (C). and 
172.86 (ester C); Found: M+. 232.1204 C13H16N202 requires 232.1211. 
Methyl bjs(5-methyl-2-furyllacetate 
Anhydrous zinc chloride (0.954 g. 7.0 mmol) was dissolved in tetrahydrofuran (15 
cm 3). and added dropwlse to a cooled (ice bath) solution of 2-methylfuran (1.724 g. 
21.0 mmol). and methyl chloromethoxyacetate (0.970 g. 7.0 mmol) in 
tetrahydrofuran (15 cm3). This was stirred for 1 hour at room temperature then 
treated with a saturated aqueous solution of sodium hydrogen carbonate (30 cm3), 
filtered. extracted with dichloromethane (3x30 cm3). dried (MgS04). and the 
solvent evaporated. Finally. Kugelrohr distillation yielded a yellow oil which was 
further purified by flash chromatography. This gave a viscous colourless oil, 
methvl b;sf5-methvl-2-fucyOacetate (100) (0.72g. 46%). b.p. 95°C at 0.01 mmHg; 
Vmax I cm,1 1733 (ester C=O); liH (250 MHz; CDCIa> 2.27 (6H. s). 3.76 (3H. s), 
5.03 (1 H. s). 5.92 (2H. d. J = 3.1 Hz). and 6.13 (2H, d, J = 3.1 Hz); lic (62.9 MHz; 
CDCI3) 13.57 (2 x CH 3). 45.45 (CH). 52,77 (OCH3). 106.48 (2 x CH). 108.91 (2 x 
CH). 147.27 (2 x C). 152.05 (2 x C), and 169.52 (ester C); Found: M+. 234.0901 
C13H1404 requires 234.0892. 
Methyl (3-thjenyllmethoxyacetate (102) 
Methyl dj-2-thjenylacetate (101) 
Terthjenyl compound (103). and Tetrathjenyl CQmpound (104) 
(104) 
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(103) 
Tin tetrachloride (5.21 g. 20.0 mmol) was added dropwise to a solution of methyl 
chloromethoxyacetate (2.77 g. 20.0 mmol). and thiophene (8.42 g. 0.10 mol) in 
dichloromethane (30 cm3) with cooling (ice bath). This was warmed to 20° C and 
after 2 hours. was treated with a saturated aqueous solution of sodium hydrogen 
carbonate (100 cm3). filtered. extracted with dichloromethane (3x30 cm3). dried 
(MgS04). and the solvent evaporated. Kugelrohr distillation of the volatile products 
of the reaction gave methyl (3-thienvllmethoxvacetate (102) (0.37 g. 10%). and 
methvl di-2-thienylacerate (101) (2.526 g. 53%). Chromatography of the 
distillation residue on silica gel with diethyl ether-light petroleum (b.p. 40-60° C) 
(1 :5) yielded the terthienyl compound (1 03) (0.824 g. 21%). and the tetrathienyl 
compound (104) (0.146 g. 4%). both as white powdery solids. 
Methyl (3-thienyflmethoxyacetate (102). b.p.= 75 0 C at 0.05 mmHg; vmax I cm-1 
1751 (ester C=O); I)H (250 MHz; CDCI3) 3.42 (3H. s). 3.76 (3H. s). 4.90 (1 H. s). 
7.14 (1H. m). 7.33 (1H. m). and 7.37 (1H. m); I)c (62.9 MHz; CDCI3) 52.37 (ester 
OCH3). 57.43 (OCH3). 87.65 (CH). 123.81 (CH). 126.14 (CH). 126.36 (CH). 136.81 
(C). and 170.81 (ester C); Found: M+. 186.0351 CSH10S03 requires 186.0350. 
Methyldi-2-thieavlacetate (101). m.p. 76° C; b.p.= 1300 Cat 0.05 mmHg; vmax I 
cm-1 1726 (ester C=O); I)H (250 MHz; CDCI3) 3.77 (3H. s). 5.47 (1 H. s). 6.94 (2H. 
m). 7.04 (2H. m). and 7.23 (2H. m); I)e (62.9 MHz; CDCI3) 47.38 (CH). 52.82 
(ester OCH3). 125.48 (2 x CH). 126.33 (2 x CH). 126.66 (2 x CH). 140.55 (2 x C). 
and 171.20 (ester C); Found: M+. 238.0116 CllHl0S202 requires 238.0122; 
Found: C. 55.19; H. 4.25; S. 26.76 % CllHl0S202 requires C. 55.43; H. 4.24; S. 
26.90 %. .' 
Terthienyl compound (1 03). m.p. 107-109°C; vmax I cm·1 1732 (ester C=O);'A.max 
(EtOH) I nm 225; I)H (250 MHz; CDCI3) 3.77 (6H. s). 5.38 (2H. s). 6.87 (2H. s). 
6.95 (2H. m). 7.02 (2H. m). and 7.24 (2H. m); I)e (62.9 MHz; CDCI3) 47.51 (2 x 
CH). 52.88 (2 x ester OCH3). 125.56 (2 x CH). 125.96 (2 x CH). 126.48 (2 x CH). 
126.70 (2 x CH). 140.08 (C). 140.55 (C). and 171.04 (2 x ester C); Found: M +. 
392.0135 ClsH16S304 requires 392.0211; Found: C. 54.81; H. 4.08; S. 24.51 
ClsH16S304 requires C. 55.07; H. 4.12; S. 24.50 %. Chiral HPLC with an AGP 
column (a-glycoprotein) showed the presence of 3 isomers in 1: 2: 1 ratio. which 
corresponds to no stereoselectivity in the reaction (see appendix 1). 
Tetrathieny1compound(104). m.p.102-103°C; vmax /cm·1 1739 (esterC=O); I)H 
(250 MHz; CDCI3) 3.75 (3H. s). 3.77 (6H. s). 5.28 (1H. s). 5.38 (2H. s). 6.86 (4H. 
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s). 6.94 (2H. m). 7.02 (2H. m). and 7.24 (2H. m); Oc (62.9 MHz; CDCI3) 47.51 (2 x 
CH). 47.59 (CH). 52.89 (3 x ester OCH 3). 125.55 (2 x CH). 125.99 (2 x CH). 
126.08 (2 x CH). 126.49 (2 x CH). 126.70 (2 x CH). 140.05 (4 x C). 140.59 (2 x C). 
170.82 (ester C). and 171.02 (2 x ester C); Found: M+. 546.0292 C2sH22S40S 
requires 546.0299. 
MeO OMe 
~C02R V (106a-c) 
remenyl12-methoxyphenyllmethoxyacetate 
Temenyl bjs(4-methoxyphenyllacetate 
~C02R R= I '<:: I '<:: (1 08a-c) MeO A A OMe 
General Procedyre 
(-)-bomyl (106a) or (108a) 
(+)-isomenthyl(106b) or (108b) 
(-)-menthyl (106c) or (108c) 
Tin tetrachloride (0.788g. 3 mmol) was added by syringe to a solution of terpenyl 
chloromethoxyacetate (0.782 g. 3 mmol). anisole (0.973 g. 9 mmol) in 
dichloromethane (20 cm3) at -10°C. in a dry flask. under nitrogen. After 1 hour at 
OOC. the resulting red solution was treated with a saturated aqueous solution of 
sodium hydrogen carbonate (30 cm3). filtered. extracted with dichloromethane 
(3x30 cm3). dried (MgSO 4)' and the solvent evaporated. Kugelrohr distillation 
yielded terpeny/ f2-methoxyphenvllmethoxy-acetate (1 06a-c) a colourless 
viscous oil and teroenyl bisf4-methoxyphenyllacetate (108a-c) as a colourless 
glass. 
(-)-Boroyl Deriyatjve (106a) 
(-)-bornyl (2-methoxyphenyl)methoxyacetate (0.49 g. 49%). b.p. 150°C at 0.1 
mmHg; Vmax I cm-1 1744 (ester C=O); OH (250 MHz; CDCI3) [Note: two 
diastereomers are present in 12:13 ratio (4% de) by integration. Two numbers are 
sometimes quoted for the chemical shift values and refer to the equivalent nuclei in 
the two diastereomers present) 0.58 0.83 (3H. s). 0.810.86 (SH. s). 0.85-1.15 (3H. 
m). 1.57-1.68 (3H. m). 2.20-2.42 (1H. m). 3.43 3.44 (3H. s) 3.85 (3H. s). 4.90 (1H. 
m). 5.20 5.21 (1 H. s). 6.78-6.99 (2H. m). and 7.25-7.40 (2H. m); Oc (62.9 MHz; 
CDCI3) 13.1113.41 (CH3). 18.45 (CH3 ). 19.64 19.70 (CH3). 26.7326.87 (CH2). 
27.9628.02 (CH2). 36.46 36.50 (CH2). 44.81 44.97 (CH). 47.7547.78 (C). 48.74 
49.01 (C). 55.51 (OCH3). 57.54 (OCH3). 76.57 76.65 (CH). 80.20 80.50 (CH). 
110.60110.63 (CH). 120.72 (CH). 125.32125.53 (C). 128.18 (CH). 129.61 (CH). 
157.08 (C). and 171.29 171.34 (ester C); Found: M+. 332.1992 C20H2S0 4 requires 
332.1988. 
129 
(-)-Bornvl Derivative (108a) 
(-)-bornyl bis(4-methoxyphenyl)acetate (0.41 g. 34%). b.p. 230°C at 0.1 mmHg; 
vmax I cm·1 1728 (ester C=O); OH (250 MHz; CDCI3) 0.75 (3H. s). 0.84 (3H. s). 0.88 
(3H. s). 0.89-1.30 (3H. m). 1.60-1.84 (3H. m). 2.24-2.41 (1H. m). 3.79 (6H. s). 
4.90-4.98 (1 H. m). 4.93 (1 H. s). 6.84 (4H. m). and 7.22 (4H. m); oe (62.9 MHz; 
CDCI3) 13.49 (CH3). 18.83 (CH3). 19.65 (CH3). 27.07 (CH2). 27.97 (CH2). 36.35 
(CH2). 44.88 (CH). 47.85 (C). 48.84 (C). 55.24 (2 x OCH3). 55.89 (CH). 80.62 
(CH). 113.87 (4 x CH). 129.62 (4 x CH). 131.39 131.51 (2 x C). 158.63 (2 x C). and 
173.19 (ester C); Found: M+. 408.2312 C2sH3204 requires 408.2300; Found: C. 
76.81; H. 7.99 % C2sH3204 requires C. 76.44; H. 7.91 %. 
(+)-Isomenthvl perivative (106b) 
(+)-Isomenthyl (2-methoxyphenyl)methoxyacetate (0.54g. 54%). b.p.= 150°C at 
0.01 mmHg; vmax I em-1 1740 (ester C=O); OH (250 MHz; CDCI3) [Note: two 
diastereomers are present in equal ratio (0% de) by integration) 0.69 0.82 (3H. d). 
0.81 0.82 (3H. d). 0.91 (3H. d). 1.15-1.84 (9H. m). 3.42 (3H. s). 3.82 (3H. s). 5.04 
(1 H. m). 5.16 (1 H. s). 6.97 (1 H. d). 6.95 (1 H. t). 7.28 (1 H. t). and 7.39 (1 H. d); oe 
(62.9 MHz; CDCI3) 18.63 19.23 (CH3). 20.3520.37 (CH3). 20.64 20.76 (CH2). 
20.91 (CH3). 25.9026.17 (CH). 27.22 27.54 (CH). 29.79 29.95 (CH2). 35.1935.85 
(CH2). 45.3845.63 (CH). 55.47 (OCH3). 57.53 (OCH3). 72.50 (CH). 76.61 76.75 
(CH). 110.60 110.62 (CH). 120.68 (CH). 125.30 (C). 128.24 128.31 (CH). 129.65 
(CH). 157.08 (C). and 170.48 170.56 (ester C); mlz 334 (M+. 1%). 151 (183. M+-
C02C10H19)· 
(+)-Isomenthvl periyative (108b) 
(+)-Isomenthyl bis(4-methoxyphenyl)acetate (0.41g. 34%). m.p. 52-54°C; b.p. 
210°C at 0.01 mmHg; vmax I cm·1 1726 (ester C=O); OH (250 MHz; CDCI~ 0.79 
(3H. d. J = 6.7 Hz). 0.88 (6H. d. J = 6.8 Hz). 1.12-1.80 (9H. m). 3.78 (6H. s). 4.89 
(1 H. s). 5.04-5.10 (1 H. m). 6.84 (4H. d. J = 8.5 Hz). and 7.22 (4H. d. J = 8.5 Hz); 
oe (62.9 MHz;CDCI3) 18.89 (CH3). 20.41 (CH3). 20.66 (CH2). 20.79 (CH3). 26.08 
(CH). 27.45 (CH). 29.87 (CH2). 35.61 (CH2). 45.51 (CH). 55.51 (2 x OCH3). 55.81 
(CH). 72.54 (CH). 113.80 (4 x CH). 129.54 (4 x CH). 131.44 (2 x C). 158.55 (2 x 
C). and 172.41 (ester C); mlz 410 (M+. 4%). 227 (183. M+ - C02C10H19); 
Found: C. 76.27; H. 8.08 % C26H340 4 requires C. 76.06; H. 8.35 %. 
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(-)-Menthyl Deriyatiye (106c) 
(-)-Menthyl (2-methoxyphenyl)methoxyacetate (0.422 g. 42%). b.p. 150°C at 0.01 
mmHg; Vmax I cm·1 1736 (ester C=O); oH (250 MHz; CDCla) [Note: two 
diastereomers are present in 4:5 ratio (10% de) by integration) 0.50 0.72 (3H. d. J 
= 6.9 Hz). 0.670.86 (3H. d. J = 6.9 Hz). 0.87 0.90 (3H. d. J = 6.9 Hz). 0.80-2.17 
(9H. m). 3.51 3.52 (3H. s) 3.83 (3H. s). 4.60-4.80 (1 H. m). 5.13 5.17 (1 H. s). 6.85-
6.99 (2H. m). and 7.25-7.40 (2H. m); Oc (62.9 MHz; CDCla) 15.4716.19 (CH 3). 
20.5220.65 (CHa). 21.9221.95 (CHa). 23.12 23.35 (CH2). 25.50 26.12 (CH). 31.23 
31.31 (CH). 34.1334.18 (CH2). 40.26 40.76 (CH2). 46.7446.97 (CH). 55.4755.49 
(OCHa). 57.3757.44 (OCHa). 74.81 74.99 (CH). 76.42 76.93 (CH). 110.60 110.68 
(CH). 120.64 120.66 (CH). 125.11 125.16 (C). 128.32128.37 (CH). 129.62 129.67 
(CH). 157.09 157.13 (C). and 170.54 170.71 (ester C); Found: M+.334.2146 
C2oHao04 requires 334.2144. 
(-)-Menthyl Derivative (108c) 
(-)-Menthyl bis(4-methoxyphenyl)acetate (0.530g. 43%). b.p. 200°C at 0.01 
mmHg; vmax I cm·1 1728 (ester C=O); IiH (250 MHz; CDCla) 0.64 (3H. d). 0.80 
(3H. d). 0.90 (3H. d). 1.67-1.01 (8H. m). 1.98 (1H. m). 3.78 (6H. s). 4.71 (1H. m). 
4.88 (1 H. s). 6.84 (2H. d). and 7.27 (2H. d); oe (62.9 MHz; CDCI3) 16.10 (CH3). 
20.65 (CHa). 22.00 (CHa). 23.32 (CH2). 25.91 (CH). 29.70 (CH). 34.25. 40.67 
(CH2). 47.02 (CH). 55.19 (2 x OCHa). 55.81 (CH). 74.91 (CH). 113.81 113.85 (4 x 
CH). 129.90 (4 x CH). 131.34131.44 (2 x C). 158.61158.63 (2 x C). and 172.55 
(ester carbonyl); Found: M+. 410.2432 C2sH340 4 requires 410.2457. 
(90) 
Methyl 12-methoxyphenyllmethoxyacetate (90) 
Methyl 14-methoxyphenyl)methoxyacetate (91) 
C02Me ~OMe (91) 
MeoJl) 
Tin tetrachloride (1.73 cm3• 15.0 mmol) was added dropwise to a solution of methyl 
chloromethoxyacetate (1.386 g. 10.0 mmol). bis-trimethylsilylacetamide (1.628 g. 
8.0 mmol). and anisole (3.244 g. 30.0 mmol) in dichloromethane (30 cma) with 
cooling (ice bath). in a dry flask under nitrogen. After 2 hours at 20°C. the reaction 
mixture was treated with a saturated aqueous solution of sodium hydrogen 
carbonate (100 cm3). filtered. extracted with dichloromethane (3x30 cm3). dried 
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(MgSO 4). and the solvent evaporated. On Kugelrohr distillation a mixture of 2- and 
4- regioisomers of methyl (2- and 4-methoxYDhenyll methoxyacetate (1.563 g. 
74%. 42% 2-isomer and 32% 4-isomer) were obtained. both as a colourless oils. 
Separation was achieved by reversed phase preparative HPLC. with methanol-
water (2:3) as the eluant and observing the ultraviolet absorbance at 274 nm. 
Methyl (2-methoxyohenyllmethoxyacetate (90). the spectral data were as 
previously reported. 
Methyl (4-methoxyphenyl!methoxyacetate (91). b.p. 150°C at 0.02 mmHg; vmax I 
cm-1 1746 (ester C=O); A. max (EtOH) I nm 225 and 274; OH (250 MHz; CDCI~ 
3.38 (3H. s); 3.72 (3H. s). 3.81 (3H. s). 4.72 (1 H, s). 6.88-6.91 (2H. m). and 7.33-
7.37 (2H. m); Found: M+. 210.0903 CllH1404 requires 210.0892. 
Methyl (2.5-dimethoxyohenyllmethoxyacetate (89) 
Procedure 2 
Tin tetrachloride (1.04 cm3• 9.0 mmol) was added dropwise to a solution of methyl 
chloromethoxyacetate (0.693 g. 5.0 mmol). bis-trimethylsilylacetamide (0.526 g. 
3.0 mmol). and para-dimethoxybenzene (2.073 g. 15.0 mmol) in dichloromethane 
(20 cm3) with cooling (ice bath). in a dry flask under nitrogen. After 2 hours at O°C. 
the reaction mixture was treated with a saturated aqueous solution of sodium 
hydrogen carbonate (30 cm3). filtered. extracted with dichloromethane (3x30 cm3). 
dried (MgS04). and the solvent evaporated. Kugelrohr distillation yielded methyl 
(2.5-methoxyphenyl)methoxyacetate (89) as the only product (1.054 g. 88%). b.p. 
150°C at 0.1 mmHg. spectral data were as for procedure 1. 
Methyl (2.4-dimethoxyphenyllmethoxyacetate (113) 
Methyl (2.6-dimethoxyphenyllmethoxyacetate (114) 
Methyl bis(2.4-dimethoxyphenyllacetate (115) 
MaO OMe 
~C02Me 
MaOJl) (113) 
MaO C02Me ~OMe (114) ~OMe 
Tin tetrachloride (1.04 cm3• 8.0 mmol) was added dropwise to a cooled (-40°C) 
solution of methyl chloromethoxyacetate (0.693 g. 5.0 mmol). bis-
trimethylsilylacetamide (0.526 g. 3.0 mmol). and meta-<limethoxybenzene (2.073 
g. 15.0 mmol) in dichloromethane (20 cm3). in a dry flask under nitrogen. After 2 
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hours at -40°C, the reaction mixture was treated with a saturated aqueous solution 
of sodium hydrogen carbonate (30 cm3), filtered, extracted with dichloromethane 
(3x30 cm3), dried (MgS04), and the solvent evaporated. Kugelrohr distillation of 
the volatile products of the reaction followed by chromatography on silica gel with 
diethyl ether-light petroleum (b.p. 40-60° C) (1 :5) yielded methyl f2.4-
dimethoxvphenyllmethoxyacetate (113) (0.840 g, 70%) as a colourless oil, 
methyl f2.6-dimethoxyphenyllmethoxyacetate (114) (0.120 g, 10%) as a 
colourless crystalline solid, and methyl bisf2.4-dimethoxyphenyllacetate (115) 
(0.164 g, 10%) as a colourless glass. 
Methyl (2.4-dimethoxyphenyllmethoxyacetate (113), b.p. 150°C at 0.05 mmHg; 
vmax I cm·1 1750 (ester C=O); OH (250 MHz; CDCI~ 3.32 (3H, s); 3.71 (3H, s), 
3.79 (3H, s), 3.85 (3H, s), 5.12 (1 H, s), 6.46 (1 H, s), 6.49 (1 H, d, J = 8.2 Hz), and 
7.27 (H, d, J = 8.2 Hz), Oc (62.9 MHz; CDCI3) 52.09 (ester OCH3), 55.36 (OCH 3), 
55.72 (OCH 3), 57.16 (OCH3), 76.10 (CH), 98.69 (CH), 104.75 (CH), 117.32 (C), 
129.51 (CH), 158.44 (C), 161.36 (C), and 171.81 (ester C); Found: M+, 240.0996 
C12H1S0S requires 240.0998. 
Methyl (2,6-dimethoxyphenyllmethoxyacetate (114), m.p. 86-87°C; b.p. 150°C at 
0.05 mmHg; Vmax I cm·1 1754 (ester C=O); OH (250 MHz; CDCI3) 3.45 (3H, s); 
3.73 (3H, s), 3.81 (6H, s), 5.36 (1 H, s), 6.57 (1 H, d, J = 8.0 Hz), and 7.27 (2H, dt, J 
= 1.0 and 8.0 Hz), Oc (62.9 MHz; CDCI3) 51.99 (ester OCH3), 56.02 (2 x OCH3), 
57.65 (OCH3), 72.16 (CH), 104.19 (2 x CH), 113.79 (C), 130.45 (CH), 158.72 (2 x 
C), and 172.57 (ester C); Found: M+, 240.1011 C12H1S0S requires 240.0998. 
Methyl bisf2.4-dimethoxyphenyllacetate (115), m.p. 69-70°C; b.p. 220°C at 0.05 
mmHg; vmax I cm-1 1738 (ester C=O); oH (250 MHz; CDCI3) 3.70 (3H, 5), 3.80 
(12H, s), 5.45 (1 H, s), 6.39-6.48 (4H, m), and 6.92 (2H, m); Oc (62.9 MHz; CDCI~ 
43.50 (CH), 52.07 (ester OCH3), 55.06 (2 x OCH3), 55.39 (2 x OCH 3), 98.67 (2 x 
CH), 104.02 (2 x CH), 119.43 (2 x CH), 129 65 (2 x CH), 158.08 (2 x C), 160.01 (2 
x C), and 174.41 (ester C); Found:M+, 346.1416 C19H220S requires 346.1416. 
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Methyl IN-methyl-3-jndolyllmethoxyacetate 
Zinc chloride (0.682 g, 5.0 mmol) dissolved in dry tetrahydrofuran (10 cm3) was 
added to a cooled (ice bath), and stirred solution of methyl chloromethoxyacetate 
(0.693 g, 5.0 mmol), bis-trimethylsilylacetamide (0.610 g, 3.0 mmol), and N-
methylindole (1.312 g, 10.0 mmol) dissolved in tetrahydrofuran (15 cm3). After 8 
hours at O°C, the reaction mixture was treated with a saturated aqueous solution of 
sodium hydrogen carbonate (30 cm3), filtered, extracted with dichloromethane 
(3x30 cm3), dried (MgS04), and the solvent evaporated. Chromatography of the 
resultant brown oil on silica gel with diethyl ether-light petroleum (b.p. 40-60° C) 
(1 :5) yielded methvl (N-methyl-3-indolvllmethQxyacetate (96) (1.130 g, 600/0) as a 
viscous, unstable, and colourless oil, vmax !cm-' 1748 (ester C=O); OH (250 MHz; 
CDCI3) 3.41 (3H, s), 3.73 (3H, s), 3.76 (3H, s), 5.10 (1H, s), 7.14-7.34 (3H, m), 
7.18 (1 H, s), and 7.76 (1 H, d, J = 7.9 Hz); oe (62.9 MHz; CDCI3) 32.88 (NCH3), 
52.19 (OCH3), 56.85 (OCH3), 76.19 (CH), 109.43 (CH), 109.57 (C), 119.72 (CH), 
119.87 (CH), 122.15 (CH), 126.35 (C), 128.51 (CH), 137.10 (C), and 171.66 (ester 
C); Found: M+, 233.1057 C'3H,sN03 requires 233.1052; Found: C, 66.65; H, 
6.23; N, 6.05 % C'3H,sN03 requires C, 66.93; H, 6.49; N, 6.01 %. 
Methyl bjs(N-methyl-3-jndolyl)acetate 
Procedure 2 
Zinc chloride (0.682 g, 5.0 mmol) dissolved in dry tetrahydrofuran (10 cm3) was 
added to a cooled (ice bath), and stirred solution of methyl chloromethoxyacetate 
(0.693 g, 5.0 mmol), bis-trimethylsilylacetamide (0.610 g, 3.0 mmol), and N-
methylindole (1.968 g, 15.0 mmol) dissolved in tetrahydrofuran (15 cm3). After 4 
hours at 20°C, the reaction mixture was treated with a saturated aqueous solution 
of sodium hydrogen carbonate (30 cm3), filtered, extracted with dichloromethane 
(3x30 cm3), dried (MgS04), and the solvent evaporated. Chromatography on silica 
gel with diethyl ether-light petroleum (b.p. 40-60°C) (1 :5) yielded methyl bis(N-
methyl-3-indolyllacetate (95) (1.50 g, 90%) as a colourless crystalline solid, m.p. 
138°C: spectral data were as for procedure 1. 
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(116) 
Methyl 12-jndoly!)methoxyacetate (117) 
Methyl 13-jndolyllmethoxyacetate (116) 
C02Me ~OMe V) 
H 
(117) ~ 
'V" ~~C02Me 
HOMe 
Zinc chloride (0.170 g. 1.25 mmol) dissolved in dry tetrahydrofuran (10 cm3) was 
added to a cooled (ice bath). and stirred solution of methyl chloromethoxyacetate 
(0.693 g. 5.0 mmol). bis-trimethylsilylacetamide (1.107 g. 5.0 mmol). and indole 
(1.172 g. 10.0 mmol) dissolved in tetrahydrofuran (15 cm3). After 18 hours at 
20°C. the reaction mixture was treated with a saturated aqueous solution of sodium 
hydrogen carbonate (30 cm3). filtered. extracted with dichloromethane (3x30 cm3). 
dried (MgS04). and the solvent evaporated. Chromatography on silica gel with 
ethyl acetate-light petroleum (b.p. 40-60°C) (1 :3) yielded methyl (2-
indolyl1methoxyacetate (117) (0.045g. 4%). and methvl {3-
jndolyl1methoxyacetate (116) (0.405 g. 37%). both as unstable colourless 
crystalline solids. 
Methyl (2-indolyl)methoxyacetate (117). m.p. 97-98° C; vmax I cm-1 3308 (N-H) 
and 1736 (ester C=O); 5H (250 MHz; COCI3) 3.42 (3H. s). 3.77 (3H. s). 5.02 (1 H. 
s). 6.59 (lH. d. J = 2.0 Hz). 7.07-7.24 (2H. m). 7.35. (lH. m). 7.59 (lH. d. J = 7.9 
Hz). and 8.59 (1 H. broad. O2° exchangeable); 5c (62.9 MHz; COCI3) 52.63 
(OCH 3). 57.28 (OCH3). 76.72 (CH). 103.29 (CH). 111.24 (CH). 120.09 (CH). 
120.81 (CH). 122.77 (CH). 127.72 (C). 131.78 (C). 136.42 (C). and 170.66 (ester 
C); Found: M+. 219.0892 C12H13N03 requires 219.0895. 
Methyl (3-indolyl)methoxyacetate (116). m.p. 99-100° C; vmax I cm·1 3312 (N-H) 
and 1742 (esterC=O); 5H (250 MHz; COCI3) 3.42 (3H. s). 3.73 (3H. s). 5.13 (lH. 
s). 7.11-7.25 (3H. m). 7.34. (1 H. m). 7.78 (1 H. d. J = 7.6 Hz). and 8.37 (1 H. broad 
s. Op exchangeable); 5e (62.9 MHz; COCI3) 52.21 (OCH3). 56.92 (OCH3). 76.52 
(CH). 111.25 (C). 111.34 (CH). 119.18 (CH). 120.28 (CH). 122.24 (CH). 124.05 
(CH). 125.79 (C). 136.31 (C). and 171.76 (ester C); Found: M +. 219.0916 
C12H13N03 requires 219.0895. 
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Methyl 12-thienyllmethoxyacetate 
Methyl13-thlenyllmethoxyacetate 
C02Me 
(102) d'0Me 
S 
Tin tetrachloride (1.433 g, 5.5 mmol) was added dropwise to a solution of methyl 
chloromethoxyacetate (0.693 g, 5.0 mmol), bis-trimethylsilylacetamide (0.610 g, 3.0 
mmol), and thiophene (2.104 g, 25 mmol) in dichloromethane (20 cm3) at -40°C. 
This was warmed to -24°C and after 17 hours, was treated with a saturated 
aqueous solution of sodium hydrogen carbonate (30 cma), filtered, extracted with 
dichloromethane (3x30 cm3), dried (MgS04), and the solvent evaporated. 
Kugelrohr distillation of the resultant oil gave a mixture of methyl (2-
thienyf)methQxyacetare (105) and methyl (3-thienyf)methoxyacetate (102) (0.56 
g, 60%). Chromatography of this distillate on silica gel with diethyl ether-light 
petroleum (b.p. 40-60° C) (1 :10) gave the two products (105) and (102) as 
colourless oils in 54% and 6% yields respectively. 
Methvl f2-thienyf)methoxyacetare (105), b.p. 75° Cat 0.05 mmHg; vmax I cm-1 
1750 (ester C=O); IiH (250 MHz; COCla) 3.43 (3H, s), 3.78 (3H, s), 5.05 (1H, s), 
6.99 (1H, m), 7.13 (1H, m), and 7.34 (1H, m); lie (62.9 MHz; COCla) 52.58 (ester 
OCHa), 57.38 (OCHa), 78.19 (CH), 126.30 (CH), 126.64 (CH), 126.79 (CH), 138.39 
(C), and 170.24 (ester C); Found: M+, 186.0303 CaH 10S0a requires 186.0350. 
Methyl (3-thienyf)methoxyacetare (102), b.p. 75° C at 0.05 mmHg; vmax I cm·1 
1751 (ester C=O); OH (250 MHz; COCla) 3.42 (3H, s), 3.76 (3H, s), 4.90 (1 H, s), 
7.14 (1 H, m), 7.33 (1 H, m), and 7.37 (1 H, m); lie (62.9 MHz; COCla) 52.37 (ester 
OCHa), 57.43 (OCHa), 78.65 (CH), 123.81 (CH), 126.14 (CH), 126.36 (CH), 136.81 
(C), and 170.81 (ester C); Found:M+, 186.0351 CaHl0S0a requires 186.0350. 
Methyl 15-methyl-2·fUlyllmethoxyacetate (99) 
Me-f)yC02Me (99) 
OMe 
Anhydrous zinc chloride (1.635 g, 12.0 mmol) was dissolved in tetrahydrofuran (10 
ema), and added dropwise to a cooled (ice bath) solution of 2-methylfuran (2.596 g, 
24.0 mmol), bis-trimethylsilylacetamide (1.41 cma, 8.0 mmol), and methyl 
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chloromethoxyacetate (1.1 08 g, 8.0 mmol) in tetrahydrofuran (15 cm3). This was 
stirred for 12 hours at 20°C then treated with a saturated aqueous solution of 
sodium hydrogen carbonate (30 cm3), filtered, extracted with dichloromethane 
(3x30 cm3), dried (MgSO 4)' and the solvent evaporated. Kugelrohr distillation of 
the resultant oil followed by chromatography on silica gel with dichloromethane 
yielded methvl (5-methyl-2-furvllmethoxvacetate (99) (0.44g, 26%) as a 
colourless oil, b.p.= 80°C at 0.01 mmHg; vmax I cm·1 1762 (ester C=O); IiH (250 
MHz; CDCI 3) 2.29 (3H, s), 3.40 (3H, s), 3.80 (3H, s), 4.81 (1H, s), 5.96 (2H, d, J = 
3.1 Hz), and 6.31 (2H, d, J = 3.1 Hz); lic (62.9 MHz; CDCI3) 13.63 (CH3), 52.55 
(esterOCH3), 57.06 (OCH 3), 75.74 (CH), 106.57 (CH), 111.26 (CH), 146.80 (C), 
153.50 (C), and 169.31 (ester C); Found: M+, 184.0733 C9H120 4 requires 
184.0735. 
Methyl (ttmethyl-2-pyrrolyllmethoxyacetate (118) 
Methyl (ttmethyl-3-pyrrolyl)methoxyacetate (119) 
Anhydrous zinc chloride (0.668 g, 4.9 mmol) dissolved in dry tetrahydrofuran (10 
cm3 ) was added to a cooled (ice bath), and stirred solution of methyl 
chloromethoxyacetate (0.693 g, 5.0 mmol), bis-trimethylsilylacetamide (0.74 cm3, 
3.0 mmol), and freshly distilled N-methylpyrrole (1.623 g, 20 mmol) dissolved in 
tetrahydrofuran (15 cm3). After 3.5 hours at 0° C the reaction mixture was treated 
with a saturated aqueous solution of sodium hydrogen carbonate (30 cm3), filtered, 
extracted with dichloromethane (3x30 cm3), dried (MgS04), and the solvent 
evaporated. Chromatography on silica gel with ethyl acetate-light petroleum (b.p. 
40-60° C) (1 :20) yielded methy{ (N-methyl-2-pvrrolyllmethoxyacetate (118) (0.355 
g, 39%) and methyl fN-methy{-3-pvrrolyllmethoxyacetate (119) (0.256 g, 28%), 
both as colourless oils. 
Methyl fN-methyl-2-pyrrolyllmethoxyacetate (118), vmax I cm-1 1750 (ester C=O); 
IiH (250 MHz; CDCI3) 3.36 (3H, s), 3.64 (3H, s), 3.76 (3H, s), 4.89 (1H, s), 6.06 
(1 H, dd, J = 2.7 and 3.5 Hz), 6.17 (1 H, dd, J = 1.7 and 3.5 Hz), and 6.62 (1 H, dd, J 
= 1.7 and 2.7 Hz); lie (62.9 MHz; CDCI3) 34.28 (NCH3), 52.36 (OCH 3), 56.62 
(OCH 3), 75.65 (CH), 107.09 (CH), 110.89 (CH), 124.54 (CH), 126.05 (C), and 
170.47 (ester C); Found: M+, 183.0896 C9H13N03 requires 183.0895. 
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Methyl (N-methyl-3-pvrrolyllmethoxyacetate (119). Vrnax I cm·1 1746 (ester C=O); 
OH (250 MHz; COCI3) 3.38 (3H. s). 3.62 (3H. s). 3.75 (3H. s). 4.74 (1H. s). 6.15 
(1 H. t. J = 2.0 Hz). 6.55 (1 H. t. J = 2.0 Hz). and 6.68 (1 H. t. J = 2.0 Hz); Oc (62.9 
MHz; COCI3) 36.25 (NCH3). 52.14 (OCH3). 56.83 (OCH 3). 77.09 (CH). 107.68 
(CH). 118.74 (C). 121.02 (CH). 122.32 (CH). and 172.04 (ester C); Found: M+. 
183.0898 C9H13N03 requires 183.0895. 
Methyl (ttbenzyl-2-Qyrrolyllmethoxyacetate (120) 
Methyl (ttbenzyl-3-Qyrroly!)methoxyacetate (121) 
~C02Me (120) 
I OMe 
CH2Ph 
Anhydrous zinc chloride (0.668 g. 4.9 mmol) dissolved in dry tetrahydrofuran (10 
em3 ) was added to a cooled (ice bath). and stirred solution of methyl 
chloromethoxyacetate (0.693 g. 5.0 mmol). bis-trimethylsilylacetamide (0.74 cm3• 
3.5 mmol). and N-benzylpyrrole (1.623 g. 20 mmol) dissolved in tetrahydrofuran 
(15 cm 3). After 2 hours at 20°C the reaction mixture was treated with a saturated 
aqueous solution of sodium hydrogen carbonate (30 cm3). filtered. extracted with 
diehloromethane (3x30 em3). dried (MgS04). and the solvent evaporated. 
Chromatography on silica gel with ethyl acetate-light petroleum (b.p. 40-60° C) 
(1 :20) yielded methyl fN-benzyl-2·pyrrolyllmethoxyacetate (120) (0.355 g. 39%). 
and methyl fN·benzyl-3-pyrrolyllmethoxyacetate (121) (0.256 g. 28%). both as 
colourless oils. 
Methyl (N-benzyl-2·pvrrolvllmethoxyacetate (120). vmax I cm·1 1750 (ester C=O); 
OH (250 MHz; COCI3) 3.25 (3H. s). 3.56 (3H. s). 4.81 (1 H. s). 5.19 (2H. dd. J = 
16.3 Hz). 6.15 (1H. m). 6.25. (1H. m). 6.68 (1H. m). 6.94-7.03 (2H. m). and 7.21-
7.34 (3H. m); Oc (62.9 MHz; COCI3) 50.70 (CH2). 52.18 (ester OCH 3). 56.59 
(OCH 3). 75.60 (CH). 107.77 (CH). 111.07 (CH). 124.19 (CH). 126.41 (C). 126.56 
(2 x CH). 127.39 (CH). 128.59 (2 x CH). 138.07 (C). and 170.27 (ester C); Found: 
M+. 259.1198 C1sH17N03 requires 259.1208. 
Methyl (N-benzyl-3-pyrrolyf)methoxyacetate (121). vmax I cm·1 1742 (ester C=O); 
OH (250 MHz; COCI3) 3.38 (3H. s). 3.75 (3H. s). 3.75 (3H. s). 4.75 (1H. s). 5.00 
(2H. s). 6.21. (1H. m). 6.61 (1H.m). 6.76 (1H. m). 7.10-7.14 (2H. m). and 7.21-7.33 
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(3H, m); lie (62.9 MHz; CDCI3) 50.59 (ester OCH3), 53.51 (CH2), 56.88 (OCH3), 
72.22 (CH), 107.93 (CH), 118.99 (C), 120.46 (CH), 121.75 (CH), 127.23 (2 x CH), 
127.80 (CH), 128.74 (2 x CH), 137.46 (C), and 171.98 (ester C); Found: M+, 
259.1204 C1sH 17N03 requires 259.1208. 
OMe 
Methyl (N-triisopropylsilyl-3-pyrrolyll methoxyacetate (122) 
Methyl N.N-bisftriisopropylsilyll-2,3'-dipyrrolylacetate (123) 
Methyl bis(N-triisopropylsilyl-3-pyrrolyllacetate (124) 
C02Me C02Me ~C02Me ~ db r ~ N N (122) N I N N 
I I SiP~3 I I 
SIP~3 SiP~3 (123) SiP~3 SiP~3 
(124) 
Tin tetrachloride (1.276 g, 4.9 mmol) was added dropwise to a stirred solution of 
methyl chloromethoxyacetate (0.693 g, 5.0 mmol), bis-trimethylsilylacetamide 
(0.712 g, 3.5 mmol), and N-triisopropylsilylpyrrole21 (1.564 g, 7.0 mmol) dissolved 
in dichloromethane (30 cm3) at -78°C. After 5 hours at -78° C the reaction mixture 
was treated with a saturated aqueous solution of sodium hydrogen carbonate (30 
cm3), filtered, extracted with dichloromethane (3x30 cm3), dried (MgS04), and the -
solvent evaporated. Chromatography on silica gel with diethyl ether-light 
petroleum (b.p. 40-60° C) (1 :20) yielded methyl N,N-bis(triisooropylsilyf)-2,3'-
dipyrrolylacetate (123) (0.641 g, 35%), methyl bis(N-triisopropylsilyl-3-
pyrrolyllacetate (124) (0.054 g, 3%), and methyl (N-triisopropylsilyl-3-
pyrrolyllmethoxyacetBte (122) (0.307 g, 23%), all as viscous colourless oils. 
Methyl (N-tr;;sopropylsilyl-3-pyrrolyllmethoxyacetate (122), vmax I cm-1 1753 
(ester C=O); liH (250 MHz; CDCI3) 1.085 (18H, d, J = 7.7 Hz), 1.43 (3H, sept, J = 
7.7 Hz), 3.37 (3H, s), 3.75 (3H, s), 4.81 (1 H, s), 6.33 (1 H, m), 6.72 (1 H, m), and 
6.81 (1 H, m); lie (62.9 MHz; CDCI3) 11.63 (3 x CH), 17.72 (6 x CH3), 52.03 
(OCH3), 56.72 (OCH3), 77.32 (CH), 109.70 (CH), 121.10 (C), 123.39 (CH), 124.76 
(CH), and 172.22 (ester C); Found: M+, 325.2059 C17H31N03Si requires 
325.2073. 
Methyl N,N-bis(tnisooropylsilyll-2,3'-dipyrroMacetate (123), Vmax I cm·1 1746 
(ester C=O); liK (250 MHz; CDCI3) ,1.05 (18H, d), 1.06 (18H, d), 1.38 (3H, sept), 
1.51 (3H, sept), 3.67 (3H, s), 4.98 (1H, s), 5.19 (2H, s), 6.20 (1H, m), 6.26 (1H, m), 
6.45 (1 H, m), 6.54 (1 H, m), 6.65 (1 H, m), and 6.77 (1 H, m); lie (62.9 MHz; CDCI~ 
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11.65 (3 x CH). 13.56 (3 x CH). 17.78 (6 x CH3). 18.32 (6 x CH 3). 44.44 (CH). 
52.11 (OCH3). 109.87 (CH). 110.57 (CH). 112.23 (CH). 122.45 (CH). 123.62 (C). 
124.07 (CH). 124.59 (CH). 134.36 (C). and 173.27 (ester C); Found: M+. 
516.3609 C29Hs2N202Si2 requires 516.3567. 
Methyl bisfN-triisopropylsilyl-3-pyrrolyllacetate (124). vmax I cm-1 1746 (ester 
C=O); OH (250 MHz; COCI3) 1.09 (36H. d). 1.50 (6H. sept). 3.70 (3H. s). 4.76 
(1 H. s). 6.26 (2H. m). 6.61 (2H. m). and 6.66 (2H. m); Oc (62.9 MHz; CDCI3) 11.63 
(6 x CH). 17.74 (12xCH3). 43.15 (CH). 51.82 (OCH3). 110.71 (2 x CH). 122.57(2 
x CH). 123.82 (2 x CH). 124.21 (2 x C). and 174.17 (ester C); Found: M.+. 
516.3609 C29Hs2N202Si2 requires 516.3567. 
Methyl bis(N-methyl-3-indolyllacetate (95) 
Methyl (N-methyl-3-indolyl)methoxyacetate (96) 
Procedure 2 
Zinc chloride (0.682 g. 5.0 mmol) dissolved in dry tetrahydrofuran (10 cm3) was 
added to a cooled (ice bath). and stirred suspension of dried potassium carbonate 
(2.764 g. 20 mmol) in a solution of methyl chloromethoxyacetate (0.693 g. 5.0 
mmol). and N-methylindole (1.312 g. 10.0 mmol) in tetrahydrofuran (20 em3). 
After 12 hours at 20°C. the reaction mixture was treated with water (30 cm3). 
filtered. extracted with dichloromethane (3x30 em3). dried (MgS04). and the 
solvent evaporated. Chromatography on silica gel with diethyl ether-light 
petroleum (b.p. 40-60° C) (1 :5) yielded methyl fN-methyl-3-indolyllmethoxyacetate 
(96) (0.513 g. 44%). and methyl bisfN-methyl-3-indolyllacetate (95) (0.098 g. 6%). 
spectral data were as for procedure 1. 
illornyl bjs(N-methyl-3-indolyllacetate (125) 
(-)-Boroyl (N-methyl-3-indolyllmethoxyacetate (126) 
(-)-Boroyl (N-methyl-3-indolyl)hydroxyacetate (127) 
Procedure 1 
CO2 Bomyl 
Zinc chloride (0.409 g. 3.0 mmol) dissolved in dry tetrahydrofuran (10,cm3) was 
added to a cooled (ice bath). and stirred suspension of dried potassi~ carbonate 
I 
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(0.830 g, 6.0 mmol) in a solution of (-)-bornyl chloromethoxyacetate (150) (0.782 g, 
3.0 mmol), and N-methylindole (0394 g, 3.0 mmol) in tetrahydrofuran (15 cm3). 
After 18 hours at 20°C, the reaction mixture was treated with methanol (10 cm3), 
and after 5 minutes, water (30 cm3) was added. The resultant suspension was 
filtered, extracted with dlchloromethane (3x30 cm3), dried (MgS04), and the 
solvent evaporated. Chromatography on silica gel with diethyl ether-light 
petroleum (b.p. 40-60°C) (1 :7) yielded (-I-bomyl (N-methyl-3-indolyll 
methoxyacetate (126) (0.318 g, 30%) as an unstable viscous oil, f-I-bomyl (N-
methyl-3-jndolyllhydrQxvacetate (127) (0.102 g, 10%) as an unstable viscous oil, 
and (-I-bomyl bis(N-methyl-3-indolyl!acetate (125) (0.049 g, 3%) as a colourless 
crystalline solid. [Note: bis-trimethylsilylacetamide (ca. 0.02 g) was added to the 
crude product before chromatography to prevent unwanted reactions on the 
chromatography column]. 
(-I-Bornyl (N-methyf-3-indo/yllmethoxvacetate (126), Vmax I cm-1 1738 (ester 
C=O); OH (250 MHz; COClal [Note: two diastereomers are present in 9:10 ratio 
(5% de.) by integration. Two figures are sometimes quoted for the chemical shifts 
and refer to the different diastereomersj 0.60 0.82 (3H, s), 0.85 (3H, s), 0.86 0.87 
(3H, s), 0.76-1.25 (3H, m), 1.57-1.88 (3H, m), 2.23-2.36 (1H, m), 3.46 (3H, s), 3.77 
(3H, s), 4.95 (1 H, m), 5.10 5.11 (1 H, s), 7.01-7.32 (4H, m), and 7.80 (1 H, m); Oc 
(62.9 MHz; COCI3) 13.2713.56 (CH3)' 18.83 (CH3)' 19.63 (CH3), 26.97 27.13 
(CH2),27.81 27.97 (CH2), 32.87 (CH), 36.3936.67 (CH2), 44.75 44.87 (CH), 47.84 
(C), 48.90 (C), 57.00 (OCH3), 76.69 (CH), 80.69 (CH), 109.29 (CH), 110.12 110.30 
(C), 119.65 (CH), 119.89 120.00 (CH), 122.02 (CH), 126.48 (C), 128.12 (CH), 
137.1~ (C), and 171.59 171.70 (ester C); Found: M+, 355.2279 C22H29N03 
requires 355.2147. 
f-I-Borny/ (N-methyl-3-indo/yl!hydroxyacetate (127), vmax I cm-1 3468 (O-H) and 
1724 (ester C=O); oH (250 MHz; COCI3) [Note: two diastereomers are present in 
12:13 ratio (4% de.) by integration] 0.51 0.79 (3H, s), 0.83 0.87 (3H, s), 0.86 (3H, 
s), 0.69-1.11 (3H, m), 1.55-1.74 (3H, m), 2.21-2.45 (1H, m), 3.17 (1H, broad, 020 
exchangeable), 3.74 3.75 (3H, s), 4.97 (1 H, m), 5.48 5.49 (1 H, s), 7.06-7.37 (4H, 
m), and 7.72 (1 H, m); Oc (62.9 MHz; COCI3) 13.14 13.53 (CH3), 18.80 (CH3), 
19.5819.61 (CH3), 26.7126.99 (CH2), 27.66 27.91 (CH 2), 32.82 (CH), 36.2136.52 
(CH2), 44.67 44.80 (CH), 47.87 (C), 48.87 48.93 (C), 67.24 67.36 (CH), 81.86 
(CH), 109.35 (CH), 112.56112.69 (C), 119.55119.63 (CH), 119.69 (CH), 122.02 
(CH), 126.00 (C), 127.36 (CH), 137.24 (C), and 174.52 (ester C); Found: M+, 
341.1958 C21 H27N03 requires 341.1990. 
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(-)-Bornyl bis(N-methyl-3-indolyl1acetate (125), m.p. 180-182°C; vmax I em-1 1730 
(ester C=O); /lH (250 MHz; CDC1S> (Note: the two N-methylindolyl groups are 
diastereotopie) 0.76 (3H, s), 0.84 (3H, s), 0.86 (3H, s), 0.89-1.30 (3H, m), 1.60-1.70 
(2H, m), 1.90-1.99 (1 H, m), 2.26-2.35 (1 H, m), 3.71 (3H, s), 3.72 (3H, s), 4.89-4.95 
(1 H, m), 5.53 (1 H, s), 7.00 (1 H, s), 7.06 (1 H, s), 7.06-7.30 (6H, m), and 7.63 (2H, 
m); /le (62.9 MHz; CDCI3) 13.45 (CH3), 18.78 (CH3), 19.63 (CH3), 27.12 (CH2), 
27.86 (CH2), 32.73 (2 x NCH3), 36.60 (CH2), 40.45 (CH), 44.79 (CH), 47.80 (C), 
48.72 (C), 80.65 (CH), 109.52 (2 x CH), 112.29 (C), 112.43 (C), 118.88 (CH), 
118.90 (CH), 119.38 (CH), 119.43 (CH), 121.55 (2 x CH), 127.10 (2 x C), 127.85 (2 
x CH), 137.04 (C), 137.07 (C), and 173.95 (ester C); Found: M+, 454.2602 
C30H34N202 requires 454.2620. 
142 
6.3 Experimental For Chapter 3 
Methyl {N-methyl-3-indolyllglyoxylate 
Procedure 1 
OMe 
(131 ) 
Oxalyl chloride (0.279 g. 2.2 mmol) dissolved in diethyl ether (10 cm3) was added 
to a cooled (ice bath) and stirred solution of N-methylindole (0.262 g. 2.0 mmol) 
dissolved in diethyl ether (10 cm3). As this was warmed to 20°C. a yellow 
precipitate of N-methyl-3-indolylglyoxylyl chloride formed.'5 The solvent was 
evaporated and the resultant yellow crystals dissolved in dichloromethane (20 
cm3). A solution of methanol (1 cm3) and triethylamine (0.455 g. 4.5 mmol) in 
dichloromethane (10 cm3) was added. with cooling (ice bath). After 1 hour at 
20°C. the reaction mixture was treated with water (20 cm3). extracted with 
dichloromethane (3x30 cm3). dried (MgS04). and the solvent evaporated. 
Chromatography on silica gel with ethyl acetate-light petroleum (b.p. 40-60° C) 
(1 :3) gave methyl fN-methyl-3-indolyf)gIYQxylate (131) (0.387 g. 89%) as a 
yellow-white crystalline solid. m.p. 96-97°C; vmax I cm·' 1730 (ester C=O) and 
1643 (ketone C=O); 8H(250 MHz; CDCI3) 3.85 (3H. s). 3.94 (3H. s). 7.35 (3H. m). 
8.32 (1 H. s) and 8.43 (1 H. m); 8d62.9 MHz; CDCI3) 33.80 (NCH3). 52.70 (OCH3). 
109.91 (CH). 112.86 (C). 122.82 (CH). 123.59 (CH). 124.20 (CH). 127.08 (C). 
137.36 (C). 140.41 (CH). 163.37 (C). and 176.85 (C); Found: M+. 217.0754 
C'2H"N03 requires 217.0739. 
(-)-Menthyl (N-methyl-3-indolyl)glyoxylate 
o "'-.../ lOon 
~e (132) Y 
Oxalyl chloride (0.279 g. 2.2 mmol) dissolved in diethyl ether (10 cm3) was added 
to a cooled (ice bath) and stirred solution of N-methylindole (0.262 g. 2.0 mmol) 
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dissolved in diethyl ether (10 cm3). As this was warmed to 20°C, a yellow 
precipitate of N-methyl-3-indolylglyoxylyl chloride formed.15 The solvent was 
evaporated and the resultant yellow crystals dissolved in dichloromethane (20 
cm3). A solution of (1 R,2S,5R)-(-)-menthol (0.320 g, 2.2 mmol) and triethylamine 
(0.455 g, 4.5 mmol) in dichloromethane (10 cm3) was added, with cooling (ice 
bath). After 4 hours at 20°C, the reaction mixture was treated with water (20 cm3), 
extracted with dichloromethane (3x30 cm3), dried (MgS04), and the solvent 
evaporated. Chromatography on silica gel with ethyl acetate-light petroleum (b.p. 
= 40-60° C) (1:10) gave (-I-menthyl fN-methyl-3-;ndolyf)glyoxylate (0.533 g, 
78%) as a yellow viscous oil, vmax I cm-1 1718 (ester C=O) and 1647 (ketone 
C=O); [a102S -66° (CHCI3); IlH(250 MHz; CDCI3) 0.82 (3H, d, J = 6.9 Hz), 0.91 
(3H, d, J = 6.9 Hz), 0.93 (3H, d, J = 6.9 Hz), 0.95-1.28 (3H, m), 1.56-1.77 (4H, m), 
2.00 (1 H, m), 2.12 (1 H, m), 3.86 (3H, s), 4.93 (1 H, m), 7.34 (3H, m), 8.28 (1 H, s), 
and 8.43 (1 H, m); Sd62.9 MHz; CDCI3) 16.12 (CH3), 20.58 (CH3), 21.88 (CH3), 
23.29 (CH2), 26.03 (CH), 31.45 (CH), 33.67 (NCH3), 34.02 (CH2), 40.44 (CH2), 
46.71 (CH), 76.21 (CH), 109.72 (CH), 112.87 (C), 122.65 (CH), 123.38 (CH), 
123.98 (CH), 126.97 (C), 137.23 (C), 139.92 (CH), 162.75 (C), and 177.88 (C); 
Found: M+, 341.1969 C21H27N03 requires 341.1991. 
(-)-8-phenylmenlhyl (N-methyl-3-jndoly!)glyoxylate 
procedyre 1 
':le j=\ 
o Me~ 
o I (1~3)Y 
Oxalyl chloride (0.279 g, 2.2 mmol) dissolved in diethyl ether (10 cm3) was added 
to a cooled (ice bath) and stirred solution of N-methylindole (0.262 g, 2.0 mmol) 
dissolved in diethyl ether (10 cm3). As this was warmed to 20°C, a yellow 
precipitate of N-methyl-3-indolylglyoxylyl chloride1S formed. The solvent was 
evaporated and the resultant yellow crystals dissolved in dichloromethane (20 
cm3). A solution of (1 R,2S,5R)-8-phenylmenthoJ123 (0.469 g, 2.2 mmol) and 
triethylamine (0.455 g, 4.5 mmol) in dichloromethane (10 cm3) was added, with 
cooling (ice bath). After 48 hours at 20°C, the reaction mixture was treated with 
water (20 cm3), extracted with dichloromethane (3x30 cm3), dried (MgS04), and 
the solvent evaporated. Chromatography on silica gel with ethyl acetate-light 
petroleum (b.p. 40-60° C) (1:10) gave 8-phenylmenthol (0.371 g, 80% 
144 
recovered) and 8-phenyfmenthyf fN-methyf-3-indofyflgfyoxyfate (133) (0.162 g. 
20%) as a yellow viscous oil. vmax I cm-1 1716 (ester C=O) and 1645 (ketone 
C=O); [ajo25 -52° (CHCI3); 3H(250 MHz; CDCI3) 0.85-0.91 (1 H. m). 0.90 (3H. d. J 
= 6.4 Hz). 1.05-1.35 (2H. m). 1.34 (3H. sI. 1.40 (3H. sI. 1.50-1.62 (3H. m). 2.00-
2.14 (2H. m). 3.87 (3H. sI. 4.95 (1 H. dt. J = 4.5 and 10.7 Hz). 6.96 (1 H. t. J = 7.2 
Hz). 7.13 (2H. t. J = 7.5 Hz). 7.25-7.36 (5H. m). 8.20 (1 H. s). and 8.41 (1 H. m); 
3d62.9 MHz; CDCI3) 21.76 (CH3). 25.76 (CH3). 27.08 (CH2). 28.24 (CH3). 31.48 
(CH). 33.79 (CH3). 34.45 (CH2). 40.16 (C). 41.44 (CH2). 50.68 (CH). 76.68 (CH). 
109.75 (CH). 112.94 (C). 122.88 (CH). 123.42 (CH). 124.03 (CH). 125.25 (CH). 
125.67 (2 x CH). 127.20 (C). 127.96 (2 x CH). 137.24 (C). 139.97 (CH). 150.24 
(C). 162.08 (C). and 177.41 (C); Found: M+. 417.2308 C27H31 N03 requires 
417.2304. 
Procedure 2 
As procedure 1 except that 4-N.N-dimethylaminopyridine (0.061 g. 0.50 mmol) 
was added with the 8-phenylmenthol.123 This gave the same product (133) in 
20% yield. with 80% recovered 8-phenylmenthol. 
Procedure 3 
Oxalyl chloride (0.279 g. 2.2 mmol) dissolved in diethyl ether (15 cm3) was added 
to a cooled (ice bath) and stirred solution of (1 R.2S.5R)-8-phenylmenthoJ123 
(0.450 g. 2.1 mmol) and triethylamine (0.506 g. 5.0 mmol) dissolved in diethyl 
ether (10 cm3). This was warmed to 20°C for 1 hour and a white precipitate of 
triethylamine hydrochloride formed. N-methylindole (0.394 g. 3.00 mmol) and 4-
N.N-dimethylaminopyridine (0.061 g. 0.5 mmol). dissolved in diethyl ether (5 
cm3) was added and the mixture heated under reflux 24 hours. The cooled 
solution was filtered and the solvent evaporated. Chromatography on silica gel 
with ethyl acetate-light petroleum (b.p. 40-60° C) (1:10) gave 8-phenyfmenthvt 
fN-methyl-3-indolyf)gfyoxyfate (133) (0.115 g. 13%). The spectral data were as 
for procedure 1 .. 
Procedure 4 
Oxalyl chloride (0.381 g. 3.0 mmol) dissolved in diethyl ether (5 cm3) was added 
to a cooled (ice bath) and stirred solution of N-methylindole (0.394 g. 3.0 mmol) 
dissolved in diethyl ether (5 cm3). As this was warmed to 20°C. a yellow 
precipitate of N-methyl-3-indolylglyoxylyl chloride15 formed. A solution of 
(1 R.2S.5R)-8-phenylmentho(123 (0.427 g. 2.0 mmol) and pyridine (0.474 g. 6.0 
mmol) in diethyl ether (10 cm3) was added. with cooling (ice bath). After 24 hours 
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at 20°C, the reaction mixture was treated with water (20 cm3 ), extracted with 
dichloromethane (3x30 cm3), dried (MgS04), and the solvent evaporated. 
Chromatography on silica gel with ethyl acetate-light petroleum (b.p. 40-60° C) 
(1:10) gave 8-Qhenylmenthyl fN-methyl-3-indolyllglyoxylate (133) (0.684 g, 
82%) as a yellow viscous oil. The spectral data were as for procedure 1. 
8-Phenylmenthyl chloroglyoxylate 
Me 
~o~o 
~Me 0 V Me (134) 
A solution of (1R,2S,5R)-8-phenylmenthoP2S (1.067 g, 4.6 mmol) and 
triethylamine (0.506 g, 5.5 mmol) dissolved in diethyl ether (20 cms) was added 
dropwise to a cooled (ice bath) and stirred solution of oxalyl chloride (0.635 g, 5.5 
mmol) in diethyl ether (30 cms). This was warmed to 20° C for 1 hour, filtered, 
and the solvent evaporated. Kugelrohr distillation gave 8-phenylmenthyl 
chloroQlyoxylate (1.071 g, 77%) as a colourless solid, m.p. 58-60°C; b.p. 155°C 
at 0.15 mmHg; vmax ' cm·' 1760 (ester C=O) and 1730 (ketone C=O); [a1025 -13° 
(CHCls); BH(250 MHz; COCI3) 0.82-1.00 (1 H, m), 0.90 (3H, d), 1.05-1.35 (2H, m), 
1.27 (3H, s), 1.34 (3H, s), 1.35-1.60 (3H, m), 1.86-2.16 (2H, m). 4.84 (1H. dt. J = 
4.4 and 10.7 Hz). 7.12 (1 H. m), and 7.25 (4H. m); BcC62.9 MHz; COCI3) 21.69 
(CHs)' 25.71 (CHs)' 26.91 (CH2), 28.01 (CHs)' 31.30 (CH). 34.29 (CH2). 40.03 (C). 
41.35 (CH2), 50.33 (CH). 77.83 (CH). 125.55 (2 x CH). 125.56 (CH). 128.03 (2 x 
CH). 128.10 (C). 150.16 (C). and 156.99 (C); mlz 322 324 (M+. 0%). 214 (108 
110. M - H02C-COCI), 119 [203 205. PhC(Me)2 +1. 
(-)-8-Phenylmenthyl (N-methyl-3-indolyllglyoxylate 
Procedure 5 
Tin tetrachloride (0.131 g, 0.5 mmol) was, added dropwise to a solution of N-
methylindole (0.131 g. 1.0 mmol) and (134) (0.161 g. 0.5 mmol) dissolved in 
dichloromethane (10 cm3) at -10°C. This was warmed to 20°C and stirred for 2 
hours. The resulting red solution was treated with a saturated aqueous solution 
146 
of sodium hydrogencarbonate (20 cm3), extracted with dichloromethane (3x30 
cm3), dried (MgS04), and the solvent evaporated. Chromatography on silica gel 
with ethyl acetate-light petroleum (b.p. 40-60° C) (1 :10) gave 8-ohenvlmenthyl 
(N-methyl-3-inciolylJglyoxylate (133) (0.01 g, 5%) as a yellow viscous oil. The 
spectral data were as for procedure 1. 
Methyl (N-methyl-3-indolyllhydroxyacetate 
OMe 
o 
(135) 
Sodium borohydride (0.019 g, 0.5 mmol) was added portionwise to a solution of 
methyl (N-methyl-3-indolyl)glyoxylate (0.217 g, 1.0 mmol) in methanol (8 cm3) 
with stirring at 20° C. After 1 hour, the solution was treated with water (30 cm3), 
extracted with dichloromethane (3 x 30 cm3), dried (MgS04), and the solvent 
evaporated. Chromatography on silica gel with ethyl acetate-light petroleum (b.p. 
40-60° C) (1 :7) gave methyl fN-methyl-3-indolyllhvdroxyacetate (131) (0.170 g, 
78%) as an unstable viscous colourless liquid, vmax I cm·1 3455 (O-H) and 1738 
(ester C=O); ~(250 MHz; CDCI3) 3.24 (1 H, broad O-H), 3.75 (3H, s), 3.76 (3H, s), 
5.46 (1 H, s), 7.11 (1 H, s), 7.11-7.30 (3H, m), and 7.68 (1 H, m); aC<62.9 MHz; 
CDCI3) 32.84 (NCH3), 52.83 (OCH3), 67.05 (CH), 109.53 (CH), 112.11 (C), 
119.41 (CH), 119.83 (CH), 122.18 (CH), 125.84 (C), 127.82 (CH), 137.25 (C), and 
174.56 (C); Found: M+, 219.0938 C12H13N03 requires 219.0895. 
(-)-Menthyl (N-methyl-3-indolyllhydroxyacetate 
Me , 
(136) 
Sodium borohydride (0.015 g, 0.40 mmol) was added portionwise to a solution of 
menthyl (N-methyl-3-indolyl)glyoxylate (133) (0.220 g, 0.64 mmol) in methanol 
(5 cm3) with stirring at O°C. This was warmed to 20° C and after 0.5 hour, the 
solution was treated with water (20 cm3), extracted with dichloromethane (3 x 20 
cm3), dried (MgS04), and the solvent evaporated. Chromatography on silica gel 
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with diethyl ether-light petroleum (b.p. 40-60° C) (1:10) gave (-I-menthyl (N-
methyl-3-indolyllhydroxyacetate (136) (0.184 g. 83%. 15% de by NMR 
Integration) as a viscous. unstable and colourless oil. vmax I cm-' 3494 (O-H) and 
1727 (ester C=O); /)H(250 MHz; CDCI3) (major diastereomer) 0.31 (3H. d. J = 6.9 
Hz). 0.41 (3H. d. J = 6.9 Hz). 0.78-2.10 (9H. m). 0.87 (3H. d. J = 6.9Hz). 3.05 (1 H. 
s. broad O-H). 3.74 (3H. s). 4.70 (lH. dt. J = 4.4 and 10.7 Hz). 5.40 (lH. s). 7.08 
(1 H. s). 7.09-7.27 (3H. m). and 7.67 (1 H. m); (minor diastereomer) 0.78 (6H. d. J 
= 6.9 Hz). 0.78-2.10 (9H. m). 0.86 (3H. d. J = 6.9Hz). 3.05 (1 H. s. broad O-H). 3.76 
(3H. s). 4.79 (lH. dt. J = 4.4 and 10.7 Hz). 5.44 (lH. s). 7.09 (lH. s). 7.09-7.27 
(3H. m). and 7.70 (lH. m); /)c(62.9 MHz; CDCI3) (major diastereomer) 15.57 
(CH3 ). 20.25 (CH3). 21.99 (CH3). 22.99 (CH2). 25.26 (CH). 31.40 (CH). 32.70 
(NCH3). 34.07 (CH2). 40.77 (CH2). 46.79 (CH). 67.25 (CH). 76.16 (CH). 109.15 
(CH). 112.56 (C). 119.56 (CH). 119.60 (CH). 122.02 (CH). 126.03 (C). 127.58 
(CH). 137.25 (C). and 173.86 (ester C); (minor diastereomer) 16.33 (CH3). 20.72 
(CH3). 21.86 (CH3). 23.35 (CH2). 26.26 (CH). 31.55 (CH). 32.79 (NCH3). 34.03 
(CH2). 40.16 (CH2). 46.79 (CH). 67.09 (CH). 76.23 (CH). 109.22 (CH). 112.46 (C). 
119.40 (CH). 119.70 (CH). 122.02 (CH). 126.03 (C). 127.62 (CH). 137.25 (C). and 
173.79 (ester C); Found: M+. 343.2140 C2,H29N03 requires 343.2147. 
(-)-8-Phenylmenthyl (N-methyl-3-indolyl)hydroxyacetate 
Me Me 
6oR~fNh 
I '1':\:::J 
r(Y.J::Me V Me (137) 
Sodium borohydride (0.010 g. 0.26 mmol) was added portionwise to a solution of 
8-phenylmenthyl (N-methyl-3-indolyl)glyoxylate (133) (0.110 g. 0.26 mmol) in 
methanol (2 cm3) with stirring at 0° C. This was warmed to 20° C and after 1 hour. 
the solution was treated with water (20 cm3). extracted with dlchloromethane (3 x 
20 cm3). dried (MgS04). and the solvent evaporated. Chromatography on silica 
gel with diethyl ether-light petroleum (b.p. 40-60° C) (1:10) gave ~ 
phenylmenthyl fN-methyl-3-indolyllhydroxyacetate (137) (0.065 g. 59%. major 
diastereomer. and 0.020 g. 18%. minor diastereomer) both as very viscous 
colourless liquids. 
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8-Phenylmenthyl fN-methyl-3-indolyllhydroxyacetate (137) (major 
diastereomer). [ujo25 -43° (CHCI3); vmax I cm·1 3507 (O-H) and 1724 (ester C=O); 
0H(250 MHz; CDCI3) 0.80-2.05 (8H. m). 0.86 (3H. d. J = 6.4 Hz). 0.87 (3H. s). 0.97 
(3H. s). 2.36 (1 H. d. J = 4.2 Hz. coupled O-H) 3.72 (3H. s). 4.82 (1 H. dt. J = 4.4 
and 10.7 Hz). 5.13 (1H. d. J = 4.2 Hz). 7.06-7.26 (9H. m). and 7.66 (1H. m); 
ocC62.9 MHz; CDCI3) 21.72 (CH3). 26.03 (CH3). 26.16 (CH3). 26.86 (CH2). 31.34 
(CH). 32.73 (NCH3). 34.45 (CH2). 39.85 (C). 41.53 (CH2). 50.34 (CH). 66.07 (CH). 
76.84 (CH). 109.28 (CH). 112.65 (C). 119.58 (CH). 119.91 (CH). 122.03 (CH). 
125.41 (CH). 125.51 (2 x CH). 127.80 (C). 127.94 (2 x CH). 128.09 (CH). 137.20 
(C). 153.60 (C). and 172.41 (C); Found: M+. 419.2454 C27H33N03 requires 
419.2460. 
8-Phenylmenthyl fN-methyl-3-indolyllhydrQxyacetate (137) (mi nor 
diastereomer). [ujo25 _8° (CHCI3); vmax I cm·1 3507 (O-H) and 1724 (ester C=O); 
0H(250 MHz; CDCI3) 0.64-2.04 (8H. m). 0.73 (3H. d. J = 6.5 Hz). 1.21 (3H. s). 1.40 
(3H. s). 3.01 (1 H. d. J = 4.2 Hz. coupled O-H). 3.71 (3H. s). 4.37 (1 H. d. J = 4.2 
Hz). 4.90 (1H. dt. J = 4.4 and 10.7 Hz). 6.83 (1H. s). 7.06-7.35 (8H. m). and 7.43 
(1H. m); 00<62.9 MHz; CDCI3) 21.62 (CH3). 23.24 (CH3). 25.70 (CH2). 29.14 
(CH3). 31.18 (CH). 32.77 (NCH3). 34.34 (CH2). 39.49 (C). 40.79 (CH2). 50.20 
(CH). 66.47 (CH). 75.86 (CH). 109.18 (CH). 112.20 (C). 119.31 (CH). 119.67 
(CH). 121.62 (CH). 125.22 (CH). 125.52 (CH). 125.57 (2 x CH). 127.93 (C). 
128.09 (2 x CH). 137.30 (C). 151.90 (C). and 173.51 (C). 
(-)-Menthyl (N-methyl-2-pyrrolyllglyoxylate 
~ (139) 
u~n I 0"Y't;J .... /'.... ° Me 
Oxalyl chloride (1.333 g. 10.5 mmol) dissolved in diethyl ether (10 cm3) was 
added to a cooled (ice bath) and stirred solution of freshly distilled N-
methylpyrrole (0.811 g. 10.0 mmol) dissolved in diethyl ether (30 cm3). The 
resulting yellow solution was warmed to 20°C for 5 minutes. A solution of 
(1 R.2S.5R)-( -)-menthol (3.125 g. 20.0 mmol) and triethylamine (2.125 g. 21.0 
mmol) in diethyl ether (10 cm3) was added. with cooling (ice bath). After 30 
minutes at 20°C. the reaction mixture was filtered. Excess of (-)-menthol was 
removed by Kugelrohr distillation (80°C at 0.1 mmHg) and chromatography on 
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silica gel with ethyl acetate-light petroleum (b.p. 40-60° C) (1 :4) gave f-!-menthyl 
fN-methv(-2-pvrro(yllg(voxvlate (139) (2.382 g. 82%) as a yellow viscous oil. 
vmax I cm-1 1727 (ester C=O) and 1646 (ketone C=O); [alo25 -64° (CHCI3); 0H(250 
MHz; CDCI3) 0.82 (3H. d. J = 6.9 Hz). 0.92 (3H. d. J = 6.9 Hz). 0.96 (3H. d. J = 6.9 
Hz). 0.95-1.23 (3H. m). 1.54 (2H. m). 1.72 (2H. m). 1.96 (1H. m). 2.13 (1H. m). 
3.98 (3H. s). 4.93 (1 H. dt. J = 4.4 and 10.9 Hz). 6.21 (1 H. m). 6.97 (1 H. m). and 
7.18 (1H. m); od62.9 MHz; CDCI3) 16.15 (CH3). 20.72 (CH3). 21.99 (CH3). 23.33 
(CH2). 26.13 (CH). 31.52 (CH). 34.12 (CH2). 37.61 (NCH3). 40.57 (CH2). 46.88 
(CH). 76.38 (CH). 109.70 (CH). 124.46 (CH). 127.78 (C). 133.89 (CH). 163.44 
(C). and 175.53 (C); Found: M+. 291.1834 C17H25N03 requires 291.1842. 
(-)-Menthyl (N-benzyl-2-pyrrolyl)glyoxylate 
~ (140) 
U tln I O---y't(' ~ 0 \) 
Oxalyl chloride (2.539 g. 20 mmol) dissolved in diethyl ether (10 cm3) was added 
to a cooled (ice bath) and stirred solution of N-benzylpyrrole (3.144 g. 20 mmol) 
dissolved in diethyl ether (100 cm3). The resulting yellow solution was warmed to 
20°C for 10 minutes. A solution of (1 R.2S.5R)-(-)-menthol (3.907 g. 25 mmol) and 
triethylamine (5.059 g. 50 mmol) in diethyl ether (40 cm3) was added dropwise. 
with cooling (ice bath). After 4 hours at 20°C. the reaction mixture was filtered. 
Excess of (-)-menthol was removed by Kugelrohr distillation (90°C at 0.1 mmHg) 
and chromatography on silica gel with ethyl acetate-light petroleum (b.p. 40-60° 
C) (1 :5) gave (-!-menthyl (N-methyl-2-pyrrQ(yllglvoxvlate (140) (5.07 g. 69%) as 
a yellow viscous oil. b.p. 175°C at 0.5 mmHg; vmax I cm-1 1725 (ester C=O) and 
1646 (ketone C=O); [ajo25 -68° (CHCI3); 0H(250 MHz; CDCI3) 0.80 (3H. d. J = 
6.9 Hz). 0.88 (3H. d. J = 6.9 Hz). 0.95 (3H. d. J = 6.9 Hz). 0.95-1.23 (3H. m). 1.52 
(2H. m). 1.70 (2H. m). 1.94 (1 H. m). 2.11 (1 H. m). 4.92 (1 H. dt. J = 4.4 and 10.9 
Hz). 5.56 (2H. s). 6.26 (1H. m). 7.04 (1H. m). 7.18 (1H. m). and 7.24-7.33 (5H. m); 
od62.9 MHz; CDCI3) 16.13 (CH3). 20.69 (CH3). 21.96 (CH3). 23.30 (CH2). 26.07 
(CH). 31.49 (CH). 34.09 (CH2). 40.53 (CH2). 46.79 (CH). 52.65 (NCH2). 76.36 
(CH). 110.25 (CH). 125.07 (2 x CH). 127.13 (C). 127.34 (CH). 127.70 (2 x CH). 
128.68 (CH). 133.27 (CH). 137.18 (C). 163.32 (C). and 174.90 (C); Found: M+. 
367.2142 C23H29N03 requires 367.2147. 
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(S)-Methyl [N-(1-phenylethyll-2-pyrrolyllglyoxylate 
n~ 
..... t:J"'Y'0Me 
~"HO tU Me (141) 
Oxalyl chloride (1.264 g, 10.0 mmol) dissolved in diethyl ether (10 cm3) was 
added to a cooled (ice bath) and stirred solution of (S)-N-(l-phenylethyl)pyrrole 
(1.712 g, 10.0 mmol) dissolved in diethyl ether (20 cm3). The resulting yellow 
solution was warmed to 20°C for 15 minutes. Methanol (10 cm3) and 
triethylamine (2.125 g,. 21.0 mmol) in diethyl ether (10 cm3) was added, with 
cooling (ice bath). After 30 minutes at 20°C, the reaction mixture was filtered. 
Kugelrohr distillation and gave (SI-methyl fN-(1-phenylethyll-2-
pvrrolyllglyoxylate (141) (2.306 g, 90%) as a yellow viscous oil. b.p. 120°C at 
0.05 mmHg; vmax I cm·1 1738 (ester C=O) and 1642 (ketone C=O);' SH(250 MHz; 
CDCI3) 1.79 (3H. d. J = 7.0 Hz). 3.88 (3H, s). 6.26 (1 H. m). 6.69 (1 H. q. J = 7.0 Hz). 
and 7.15-7.33 (7H. m); SC<62.9 MHz; CDCI3) 21.93 (CH3). 52.64 (OCH3). 56.47 
(CH). 110.33 (CH). 126.06 (CH). 126.49 (2 x CH). 127.11 (C). 127.66 (CH). 
128.65 (2 x CH), 130.39 (CH). 141.77 (C). 163.91 (C). and 173.91 (ester C); 
Found: M+. 257.1045 C1sH1SN03 requires 257.1052. 
(-)-Menthyl (N-methyl-2-pyrrolyl)hydroxyacetate 
6 (142) ~~ n o~r:a"" A OH Me 
Sodium borohydride (0.189 g. 5.0 mmol) was added portionwise to a solution of 
(-)-menthyl (N-methyl-2-pyrrolyl)glyoxylate (139) (1.456 g. 5.0 mmol) in 
methanol (10 cm3) with cooling (ice bath). The resulting solution was stirred at 
20° C for 3 hours. treated with water (30 cm3). extracted with dichloromethane (3 
x 30 cm3). dried (MgS04). and the solvent evaporated. Chromatography on silica 
gel with diethyl ether-light petroleum (b.p. 40-60° C) (1:10) gave (- )-menthyl (N-
methyl-2-pyrrolyf)hydroxyacetate (142) (0.873 g. 60%) as a viscous colourless 
liquid. vmax I cm·1 3483 (O-H) and 1743 (ester C=O); SH(250 MHz; CDCI3) [Note: 
two diastereomers are present in 1:2 ratio (33% de.)} (major diastereomer) 0.64 
(3H. d. J = 6.9 Hz), 0.74 (3H. d. J = 6.9 Hz). 0.91 (3H, d. J = 6.9 Hz). 0.79-1.10 (3H. 
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m). 1.46-2.12 (6H. m). 3.06 (1 H. broad singlet). 3.64 (3H. s). 4.46 (1 H. m). 5.15 
(1 H. s). 602 (2H. m). and 6.57 (1 H. m); (minor diastereomer) 0.80 (3H. d. J = 6.9 
Hz). 0.88 (3H. d. J = 6.9 Hz). 0.90 (3H. d. J = 6.9 Hz). 0.79-1.10 (3H. m). 1.46-2.12 
(6H. m). 3 06 (1 H. broad singlet). 3.66 (3H. s). 4.84 (1 H. m). 5.18 (1 H. s). 6.02 (2H. 
m). and 6.59 (1 H. m); 0C<62.9 MHz; CDCI3) (major diastereomer) 15.88 (CH3). 
20.66 (CH3). 21.97 (CH3). 23.07 (CH2). 25.54 (CH). 31.43 (CH). 34.07 (CH2). 
34.10 (NCH3). 40.71 (CH2). 46.94 (CH). 66.63 (CH). 76.58 (CH). 106.98 (CH). 
108.57 (CH). 123.82 (CH). 129.08 (C). and 172.55 (C); (minor diastereomer) 
16.28 (CH3). 20.66 (CH3). 21.97 (CH3). 23.35 (CH2). 26.23 (CH). 31.40 (CH). 
34.07 (CH2). 34.10 (NCH3). 40.27 (CH2). 46.70 (CH). 66.18 (CH). 76.58 (CH). 
106.94 (CH). 108.17 (CH). 123.92 (CH). 129.36 (C). and 172.47 (C); Found: M+. 
293.1986 C17H27N03 requires 293.1991. 
c-)-Menthyl {N-benzyl-2-pyrrolyDhydroxyacetate 
~~n 6 (143) 
I OTt(u" 
/"-... ~ 
lA 
Sodium borohydride (0.61 g. 1.6 mmol) was added portionwise to a solution of 
(-)-menthyl (N-benzyl-2-pyrrolyl)glyoxylate (140) (1.102 g. 3.0 mmol) in 
methanol (10 cm3) with cooling (ice bath). The resulting solution was stirred at 
20° C for 1 hour. treated with water (20 cm3). extracted with dichloromethane (3 x 
30 cm3). dried (MgS04). and the solvent evaporated. Chromatography on silica 
gel with ethyl acetate-light petroleum (b.p. = 40-60° C) (1 :7) gave (-'-menthyl (N-
benzyl-2-Dyrrolvl1hydroxyacetate (143) (0.940 g. 85%) as a viscous colourless 
liquid. vrnax I cm-1 3482 (O-H) and 1735 (ester C=O); 0H(250 MHz; CDCI3) [Note: 
two diastereomers are present in 9:10 ratio (5% de.)} (major diastereomer) 0.71 
(3H. d. J = 6.9 Hz). 0.80 (3H. d. J = 6.9 Hz). 0.85 (3H. d. J = 6.9 Hz). 0.80-2.01 (9H. 
m). 3.06 (1 H. d. J = 7.4 Hz. coupled O-H). 4.77 (1 H. m). 5.07 (2H. s). 5.20 (1 H. d. J 
= 7.4 Hz). 6.10 (2H. m). 6.64 (1 H. m). 7.07 (2H. m). and 7.30 (3H. m); (minor 
diastereomer) 0.66 (3H. d. J = 6.9 Hz). 0.80 (3H. d. J = 6.9 Hz). 0.85 (3H. d. J = 6.9 
Hz). 0.80-2.01 (9H. m). 3.06 (lH. d. J = 7.4 Hz. coupled O-H). 4.74 (lH. m). 5.14 
(2H. s). 5.18 (1 H. d. J = 7.4 Hz). 6.10 (2H. m). 6.64 (1 H. m). 7.07 (2H. m). and 7.30 
(3H. m); 0c(62.9 MHz; CDCI3) (major diastereomer) 16.29 (CH3). 21.96 (CH3). 
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21.96 (CH3). 23.38 (CH2). 26.20 (CH). 31.35 (CH). 34.08 (CH2). 40.15 (CH2). 
46.69 (CH). 50.57 (CH). 66.24 (CH). 76.52 (CH). 107.63 (CH). 108.25 (CH). 
123.34 (CH). 126.75 (2 x CH). 127.53 (CH). 128.69 (2 x CH). 129.75 (C). 137.95 
(C). and 172.36 (C): (minor diastereomer) 15.90 (CH3). 20.70 (CH3). 21.96 (CH3). 
23.06 (CH2). 25.57 (CH). 31.38 (CH). 34.11 (CH2). 40.64 (CH2). 46.97 (CH). 
50.57 (CH). 65.97 (CH). 76.44 (CH). 107.68 (CH). 108.39 (CH). 123.25 (CH). 
126.67 (2 x CH). 127.53 (CH). 128.69 (2 x CH). 129.68 (C). 137.88 (C). and 
172.39 (C): Found: M+. 369.2292 C23H31 N03 requires 369.2304. 
Methyl fN-{1-phenylethyll-2-oyrrolyllhydroxyacetate 
n~~ 
't:J~OMe 
~"HOH o Me (144) 
Sodium borohydnde (0.095 g. 2.5 mmol) was added portionwise to a solution of 
(S)-methyl [N-(1-phenylethyl)-2-pyrrolyl]glyoxylate (141) (1.286 g. 5.0 mmol) in 
methanol (10 cm3) with cooling (ice bath). The resulting solution was stirred at 
20° C for 0.5 hour. treated with water (30 cm3). extracted with dichloromethane (3 
x 30 cm3). dried (MgS04). and the solvent evaporated. Chromatography on silica 
gel with ethyl acetate-light petroleum (b.p. 40-60° C) (1 :5) gave methyl rN-lt-
phenylethyll-2-pyrroIYl1hydroxyacetate (144) (1.091 g. 84%) as a viscous 
colourless liquid. vrnax / cm-1 3483 (O-H) and 1743 (ester C=O): 0H(250 MHz: 
CDCI3) [Note: two diastereomers are present in 1.0:1.7 ratio (26% de.)} (major 
diastereomer) 1.77 (3H. d. J = 7.0 Hz). 3.15 (1 H. broad singlet. O-H). 3.37 (3H. s). 
5.20 (1 H. s). 5.57 (1 H. q. J = 7.0 Hz). 6.15 (2H. m). 6.84 (1 H. m). 7.00 (2H. m). and 
7.25 (3H. m); (minor diastereomer) 1.78 (3H. d. J = 7.0 Hz). 3.06 (1 H. broad 
singlet. O-H). 3.71 (3H. s). 5.05 (1H. s). 5.58 (1H. q. J = 7.0 Hz). 6.03 (1H. m) 6.13 
(1 H. m). 6.84 (1 H. m). 7.01 (2H. m). and 7.25 (3H. m); oC<62.9 MHz; CDCI3) 
(major diastereomer) 22.94 (CH3). 52.57 (OCH3). 54.92 (CH). 66.71 (CH). 107.57 
(CH). 109.86 (CH). 120.35 (CH). 125.81 (2 x CH). 127.19 (CH). 128.47 (2 x CH). 
128.68 (C). 143.17 (C). and 173.17 (C); (minor diastereomer) 22.38 (CH3). 52.64 
(OCH3). 54.79 (CH). 66.11 (CH). 107.38 (CH). 108.21 (CH). 119.96 (CH). 125.69 
(2 x CH). 127.34 (CH). 128.62 (2 x CH). 129.20 (C). 143.01 (C). and 173.27 (C): 
Found: M+. 259.1189 C1sH17N03 requires 259.1208. 
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6.4 Experimental For Chapter 4 
Ethyl djmethoxyacetate 
o 
EtO~OMe 
OMe 
Sodium (0.046 g. 2 mmol) was dissolved in absolute ethanol (35 cm3). Methyl 
dimethoxyacetate (2.44 g. 18.2 mmol) was added and the resulting solution was 
stirred for 1 hour at 20°C. Gas chromatographic analysis showed that the reaction 
was 95 % complete within 1 minute. After neutralisation with ethereal hydrogen 
chloride the ethanol was removed on a rotary evaporator and the residual oil 
Kugelrohr distilled to give ethyl dimethoxyacetate (1.949 g. 72%). as a colourless 
oil. b.p. 50°C at 10 mmHg; vmax I cm-' 1752 (ester C=O); IiH (60 MHz; CDCI:J 
1.3 (3H. t. J = 7.1 Hz). 3.4 (6H. s). 4.3 (2H. q. J = 7.1 Hz). and 4.8 (1 H. s); lic (20 
MHz; CDCI3) 14.17 (CH3). 53.84 (OCH3). 61.53 (OCH2). 99.03 (CH). and 167.11 
(ester C); mlz 148 (M+. 0%). 117 (31. M+ - OCH3). and 75 (73. M+ - C02C2Hs). 
11 R. 2S. 5Rl-I-l-Menthyl dimethoxyacetate (145) 
11 S. 2R. 5R)-{+)-lsomenthyl dimethoxyacetate (146) 
ll1ID:~H-)-Bornyi dimethoxyacetate (147) 
o.),(OM' 
A OMe 
(145) 
o 
"o;YoMe 
OMe 
(146) 
;&o~OMe 
General Procedure 
OMe 
(147) 
Sodium hydride (0.12 g. 5 mmol) was added to either [(1 S)-endoj-(-)-borneol. (1 R. 
2S.5R)-(-)-menthol. or (1S. 2R. 5R)-(+)-isomenthol (23 g. 150 mmol) dissolved in 
toluene (150 cm3). and the solution stirred until the evolution of hydrogen stopped. 
Methyl dimethoxyacetate (6.71 g. 50.0 mmol) and 4A molecular sieves (20 g) were 
added and the mixture heated under reflux for 5 days. The resultant suspension 
was filtered and the toluene removed on a rotary evaporator. Excess of terpenyl 
alcohol was removed by crystallization from light petroleum (b.p. 40-60° C) 
followed sublimation at 55-60°C at 0.01 mmHg in a Kugelrohr apparatus. 
Kugelrohr distillation of the residue gave the titled products as colourless oils. 
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UR.2$,5RI-(-I-Menthyl dimethoxyacetate (145) (8,01 g.62%). b,p, 70°C at 0,01 
mmHg; vmax I cm-1 1750 (ester C=O); [alo25 -690 (CHCI3); 0H(250 MHz; COCI3) 
0,77 (3H. d. J = 7,0 Hz). 0,80-1.13 (3H. m). 0,87 (3H. d. J = 7,0 Hz). 0,88 (3H. d. J 
= 7,0 Hz). 1.42-2,00 (6H. m). 3.40 (3H. s). 3.41 (3H. s). 4,77 (1H. s). and 4,80 (1H. 
dt. J = 4,5 and 10,9 Hz); oC<62,9 MHz; CDC1:Jl 16,11 ,(CH3). 20,66,(CH3). 
21 ,93,(CH 3)' 23,28 (CH2) 26,09 (CH). 31.37 (CH). 34,12 (CH2). 40,60 (CH2). 46,75 
(CH). 53,59 (OCH:Jl. 53,67 (OCH:Jl. 75,58 (CH). 99,00 (CH). and 166,68 (ester C); 
mlz 258 (M+. 0%). 139 (119. M - C4H70 4). 123 (135. M - C4H70 4 and CH3). and 
75 (183. M - C02-G10H19)' 
U$,2R.5R1-(+Hsomenthyl dimethoxyacetate (146) (5,80 g. 45%). b,p, 70°C at 
0.Q1 mmHg; vmax I cm-1 1750 (ester C=O); 0H(250 MHz; COCI3) 0,86 (3H. d. J = 
6,9 Hz). 0,93 (6H. d. J = 6,9 Hz). 1,27-2,01 (9H. m). 3.42 (6H. s). 4,77 (1 H. s). and 
5,14 (1H. dt J = 3,7 and 6,7 Hz); oC<62,9 MHz; COCI~ 18,80,(CH3).20,35,(CH3). 
20,62,(CH2). 20,85 (CH3). 26,24 (CH). 27,58 (CH). 29,94 (CH2). 35.44 (CH2). 
45,72 (CH). 53,77 (2 x OCH3). 73,33 (CH). 99,09 (CH). and 166.62 (ester C); mlz 
258 (M+. 0%).139 (119. M+ - C4H70 4). 123 (135. M+ - C4H70 4 and CH3). and 75 
(183. M+ - C02-C10H19)' 
(f1$!-endol-(-!-Bornyl dimethoxyacetate (147) (102 g. 80%). b,p, 100°C at 0,4 
mmHg; vmax I cm-1 1752 (ester C=O); [a)o25 -31 0 (CHCI3); 0H(250 MHz; CDCI3) 
0,86 (3H. s). 0,89 (3H. s). 0,92 (3H. s). 1.01-1,76 (6H. m). 1.96 (1H. m). 3,43 (6H. 
s). 4,81 (1 H. s). and 5,00 (1 H. m); oC<62,9 MHz; COCI:Jl 13,50,(CH3). 18,88,(CH3). 
19,72,(CH3). 27,12 (CH2). 28.03 (CH2). 36,66 (CH2). 44,98 (CH). 47,98 (C). 48,98 
(C). 53,71 (2 x OCH3). 80,20 (CH). 99,02 (CH). and 167,70 (ester C); Found: M+. 
256,1668 C14H 24°4 requires 256,1674, 
(-)-Meothyl chloromethoxyacetate (148) 
(+)-Isomenthyl chloromethoxvacetate (149) 
(-)-Bornyl chloromethoxyacetate (150) 
}}o~OMe C\J\-ou. 
~ Cl Cl 
(150) (148) 
General Procedure 
o 
"o~OMe 
Cl 
(149) 
(-)-Menthyl (145). (+)-isomenthyl (146). or (-)-bomyl (147) dimethoxyacetate (4,0 g. 
15,5 mmo!) was carefully added to phosphorus pentachloride (3,25 g. 15,5 mmol) 
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at ooC. After the vigorous evolution of methyl chloride had stopped, the mixture 
was heated under reflux (=1 05°C) for 60 minutes. The phosphoryl chloride formed 
in the reaction was driven off at 25°C, 0.1 mmHg and the titled product was 
Kugelrohr distilled to give a colourless 011 (4.0 g, 99%). 
(-I-Menthyl chloromethoxyacetate (148), b.p. 90°C at 0.1 mmHg; vmax I cm·1 
1760 (ester C=O); 0H(250 MHz; COCI3) (Note: two diastereomers present and 
two numbers are sometimes quoted. These refer to the different diastereomers 
present.) 0.77 (3H, d), 0.93 (3H, d), 0.95 (3H, d), 0.98-1.15 (2H, m), 1.42-2.06 (7H, 
m), 3.613.62 (3H, s, OCH3), 4.82 (1H, m), and 5.91 (1H, s); oC<62.9 MHz; COCI~ 
16.07 16.16 (CH3), 20.68 (CH3), 21.93 (CH3), 23.30 23.34 (CH2), 26.00 26.09 
(CH), 31.4031.44 (CH), 34.02 34.10 (CH2), 40.11 40.38 (CH2), 46.80 46.95 (CH), 
57.3957.47 (OCH3), 76.7476.77 (CH), 90.0390.13 (CH), and 164.81 164.89 
(ester C); mlz262 264 (M+, 0%),139 (123125, M+ - C3H40 3CI), 123125 (139, 
M+ - C1oHI9), and 83 (179 181, C6HI2+). 
(+I-Isomenthyl chloromethoxvacetate (149), b.p. 90°C at 0.1 mmHg; Vrnax I cm·1 
1756 (esterC=O); 0H(250 MHz; COCI3) (Note: two dlastereomers present) 0.86 
(3H, d), 0.94 (3H, d), 0.95 (3H, d), 1.26-2.12 (9H, m), 3.62 (3H, s, OCH3), 5.14 (1H, 
m), and 5.71 (1 H, s); oC<62.9 MHz; COCI3) 18.94 18.86 (CH 3), 20.40 20.44 (CH3), 
20.5420.64 (CH2), 20.7020.82 (CH3), 26.22 26.29 (CH), 27.45 27.52 (CH), 29.73 
29.85 (CH2), 35.52 35.79 (CH2), 45.36 45.52 (CH), 57.38 57.42 (OCH3), 74.60 
74.63 (CH), 90.11 90.22 (CH-Cl), and 164.72 164.75 (ester C); mlz 262264 ( 
M+, 0%), 139 (123125, M+ - C3H40 3CI), 123125 (139,11+ - C10HI9), and 83 (179 
181, C6H 12+)· 
(-I-Bornyl chloromethoxyacetate (150), b.p. 95°C at 0.Q1 mmHg; vmax I cm-I 
1762 (ester C=O); 0H(250 MHz, COCI3) (Note: two diastereomers present) 0.85-
0.92 (9H, m, 3 x CH3), 1.02-1.37 (2H, m), 1.74 (3H, m), 1.9~ (1 H, m), 2.40 (1H, m), 
3.73 (3H, 5, OCH3), 5.06 (1 H, m), and 5.75 (1 H, 5); OC<62.9 MHz; CDCI~ 13.39 
13.46 (CH3), 18.85 (CH3), 19.67 (CH3), 26.94 26.98 (CH2), 27.91 27.96 (CH2), 
36.19 36.23 (CH2), 44.82 44.87 (CH), 48.08 (C), 49.05 49.26 (C), 57.36 57.41 
(OCH3), 82.21 82.40 (CH), 89.88 89.97 (CH-Cl), and 165.53 165.65 (ester C), 
Found: M+, 260.1112 and 262.1161 C13H2103CI requires 260.1179 and 262.1150. 
156 
(R)-N-(1-Phenylethyllpyrrole (151) 
!S1:N-(1-Phenylethyllpyrrole (152) 
I[) 1 (151) 
Ph • H 
Me 
o 1 (152) 
H • Ph 
Me 
Either (R)- or (S)- l-phenylethylamine (6.06 g. 60 mmol). dimethoxytetrahydrofuran 
(7.93 g. 50 mmol). and glacial acetic acid (40 cm 3) were heated under reflux in 
benzene (80 cm3) for 24 hours. The resulting black solution was cooled. the 
solvent evaporated and finally Kugelrohr distillation gave the corresponding fR)-
or ~ N-f1-phenylethyllpyrrole (7.7 g. 90%). both as colourless oils. b.p. 750 C at 
0.1 mmHg; vmax I cm-1 2981 (C-H). 1491. 1451.1272. and 1092; 0H(250 MHz; 
CDCI3) 1.82 (3H. d. J = 7.1 Hz). 5.27 (1 H. q. J = 7.1 Hz). 6.18 (2H. t. J = 2.1 Hz). 
6.75 (2H. t. J = 2.1 Hz). 7.09 (2H. m). and 7.29 (3H. m); oC<62.9 MHz; CDCI~ 
22.11 (CH3). 58.00 (CH). 108.02 (2 x CH). 119.49 (2 x CH). 125.84 (2 x CH). 
127.42 (CH). 128.62 (2 x CH). and 143.56 (C); Found: M+. 171.1049 C 12H13N 
requires 171.1048; (R)-enantiomer (151). [cx]025 -160 (CHCI3); (S)-enantiomer 
(152), [CX]025 +160 (CHCI3); NMR analysis using the chiral shift reagent europium 
D-3-heptafluorobutyrylcamphorate shows only one enantiomer to be present. ie 
there is no evidence of racemisation during the reaction. 
(-)-Menthyl (2-methoxyphenyllmethoxyacetate (153) 
(-)-Menthyl (4-methoxyphenyllmethoxyacetate (154) 
(-)-Menthyl bis(4-methoxvphenyllacetate (10Bc) 
604-0 A OMeOMe 
(153) 
6040"" A OMe 
(154) 
Typical Procedure 
OMe 
Tin tetrachloride (2.605 g. 10.0 mmol) was added dropwise by syringe to a solution 
of (-)-menthyl chloromethoxyacetate (14B) (2.628 g. 10.0 mmol) and anisole (3.284 
g. 30.0 mmol) in dichloromethane (40 cm3) at -10°C. in a dry flask. under nitrogen. 
After 1.5 hours at -10°C. a saturated aqueous solution of sodium hydrogen 
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carbonate (30 cm3) was added and the white precipitate filtered off. The product 
was extracted with dichloromethane (3 x 30 cm3). dried (MgS04). the solvent 
evaporated and finally Kugelrohr distillation gave an impure colourless viscous oil 
containing (-!-menthyl (2-methoxyphenylJmethoxyacetate (153). (-!-menthyl (4-
methoxyphenylJmethoxyacetate (154). and a colourless glassy solid. (- !-menthyl 
bis-(4-methoxyphenylJacetate (108c) (0.41 g. 10%). The compounds (153) and 
(154) were further purified by flash chromatography using dichloromethane as the 
eluant to give a 1.0 to 1.4 mixture of 4- to 2- regioisomers (1.912g. 57%). 
(-!-Menthyl (2-methoxYDhenylJmethoxyacetate (153). b.p. 150°C at 0.01 mmHg. 
Vmax I cm·1 1740 (ester C",O); 0H(250 MHz; CDCI3; 15% de by integration) (major 
diastereomer) 0.50 (3H. d). 0.67 (3H. d). 0.90 (3H. d). 0.88-2.08 (9H. m). 3.51 (3H. 
s). 3.83 (3H. s). 4.65 (1 H. dt. J = 4.4 and 10.7 Hz). 5.17 (1H. s). 6.86-6.99 (2H. m). 
and 7.25-7.40 (2H. m); (minor diastereomer) 0.72 (3H. d). 0.86 (3H. d). 0.87 (3H. 
d). 0.88-2.08 (9H. m). 3.52 (3H. s). 3.83 (3H. s). 4.72 (1 H. dt. J = 4.4 and 10.7 Hz). 
5.13 (1 H. s). 6.86-6.99 (2H. m). and 7.25-7.40 (2H. m); oC<62.9 MHz; CDCIJl 
(Note: two diastereomers present) 15.75 16.19 (CH3). 20.5320.65 (CH3). 21.92 
21.95 (CH3). 23.02 23.12 (CH2). 25.50 26.13 (CH). 31.23 31.31 (CH). 34.1334.18 
(CH2). 40.2640.76 (CH2). 46.74 46.97 (CH). 55.48 55.49 (OCH3). 57.37 57.43 
(OCH3). 74.81 74.99 (CH). 76.42 76.93 (CH). 110.60 110.68 (CH). 120.64120.66 
(CH). 125.12125.16 (C). 128.32128.37 (CH). 129.63129.67 (CH). 157.09 157.13 
(C). and 170.54170.71 (C); Found: M+. 334.2146 C2oH3004 requires 334.2144. 
(-!-MenthyU4-methoxYDhenyl1methoxyacetate (154). b.p. 150°C at 0.01 mmHg. 
Vmax I cm-1 1736 (ester C=O); IIH(250 MHz; CDCI3; 5% de by integration) (major 
diastereomer) 0.46 (3H. d). 0.66 (3H. d). 0.88 (3H. d). 0.87-1.82 (9H. m). 3.39 (3H. 
s). 3.79 (3H. s). 4.69 (1H. s). 4.75 (1H. dt. J '" 4.4 and 10.7 Hz). 6.92-6.95 (2H. m). 
and 7.33-7.37 (2H. m); (minor diastereomer) 0.71 (3H. d). 0.84 (3H. d). 0.86 (3H. 
d). 0.87-1.82 (9H. m). 3.40 (3H. s). 3.80 (3H. s). 4.66 (1H. s). 4.75 (1H. dt. J = 4.4 
and 10.7 Hz). 6.92-6.95 (2H. m). and 7.33-7.37 (2H. m); IIc(62.9 MHz; CDCIJl 
(major diastereomer) 15.68 (CH3). 20.60 (CH3). 21.90 (CH3). 23.35 (CH2). 26.15 
(CH). 31.34 (CH). 34.17 (CH2). 40.81 (CH2). 47.08 (CH). 55.28 (OCH3). 57.00 
(OCH3). 75.00 (CH). 82.33 (CH). 113.83 (2 x CH). 128.32 (2 x CH). 128.63 (C). 
159.92 (C). and 170.53 (C); (minor diastereomer) 16.14 (CH3). 20.65 (CH3). 21.87 
(CH3). 23.33 (CH2). 26.18 (CH), 3'1,28 (CH). 34.14 (CH2). 40.25 (CH2). 46.87 (CH), 
55.23 (OCH3). 57.02 (OCH3). 74.98 (CH). 82.33 (CH). 113.86 (2 x CH). 128.37 (2 x 
CH). 128.56 (C). 159.78 (C). and 170.49 (C). 
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f-I-Menthvlbisf4-methoxyphenyllacetate (108c). b.p. 200°C at 0.01 mmHg; V
max 
I cm-' 1728 (ester C=O); 0H(250 MHz; CDCI3) 0.64 (3H. d. J = 7.0 Hz). 0.80 (3H. 
d. J = 7.0 Hz). 0.90 (3H. d. J = 7.0 Hz). 1.01-1.67 (8H. m). 1.98 (1H. m). 3.78 (6H. 
s). 4.71 (1 H. dt. J = 4.4 and 10.8 Hz). 4.88 (1 H. s). 6.84 (4H. d. J = 8.3 Hz). and 
7.20 (4H. d. J = 8.3 Hz); 0c(62.9 MHz; CDCI:J 16.10 (CH3). 20.66 (CH3). 22.00 
(CH3). 23.32 (CH2). 25.91 (CH). 31.39 (CH). 34.25 (CH2). 40.67 (CH2). 47.02 (CH). 
55.19 (2 x OCH3). 55.81 (CH). 74.92 (CH). 113.85 (4 x CH). 129.90 (4 x CH). 
131.34 (C). 131.44 (C). 158.61 (C). 158.63 (C). and 172.55 (ester C); Found: M+. 
410.2432 C2sH3404 requires 410.~457. 
(t)-Isomenthyl (2-methoxyphenyllmethoxyacetate (155) 
(t)-Isomenthyl (4-methoxyphenyllmethoxyacetate (156) 
9H f) 
"'O~ 
OMeOMe 
(155) 
40~ OMe H I "0 ~ 
OMe 
(156) 
Tin tetrachloride (0.788 g. 3.0 mmol) was added dropwise by syringe to a solution 
of (+)-isomenthyl chloromethoxyacetate (149) (0.788 g. 3.0 mmol). anisole (0.973 
g. 9.0 mmol) in dichloromethane (30 cm3) at -10°C. in a dry flask. under nitrogen. 
After 1 hour at -10°C. a saturated aqueous solution of sodium hydrogen carbonate 
(30 cm3) was added and the white precipitate filtered off. The product was 
extracted with dichloromethane (3 x 30 cm3). dried (MgS04). the solvent 
evaporated and finally Kugelrohr distillation gave a colourless viscous oil 
containing f+l-isomenrhyl f2-methoxyphenyllmethoxyacetate (155) and ~ 
iSQmenthvl f4-methoxyohenyllmethoxyacetate (156) as a 1.0 to 1.3 mixture of 2-
to 4- regioisomers (1.912 g. 57%). No diastereoselectivity was observed in the 
formation of either of the regioisomers. 
(-'-Isomenthyl f2-methoxvphenyllmethQxvacetate (155). b.p. 150°C at 0.01 
mmHg; vmax I cm·' 1740 (ester C=O); 0H(250 MHz; CDCI3) (Note: two 
diastereomers present) 0.69 0.80 (3H. d). 0.81 0.82 (3H. d). 0.88 (3H. d). 1.15-1.85 
(9H. m). 3.42 (3H. s). 3.83 (3H. d). 5.00-5.11 (1 H. m). 5.16 (1 H. s). 6.87 (1 H. d. J = 
7.5 Hz). 6.95 (1 H. t. J = 7.5 Hz). 7.28 (1 H. t. J = 7.5 Hz). and 7.39 (1 H. d. J = 7.5 
Hz); 0d62.9 MHz; CDCI:J (Note: two diastereomers present) 18.6319.23 (CH3). 
20.35 20.37 (CH2). 20.64 (CH3). 20.75 20.90 (CH3). 25.90 26.17 (CH). 27.23 
27.54 (CH). 29.79 29.95 (CH2). 35.19 35.85 (CH2). 45.3845.64 (CH). 55.47 
159 
(OCH 3)' 57.54 (OCH 3)' 72.50 (CH). 76.61 (CH). 110.59 110.62 (CH). 120.68 (CH). 
125.30 (C). 128.24128.31 (CH). 129.66 (CH). 157.08 (C). and 170.49 170.56 (C); 
Found: M+. 334.2146 C2oH3004 requires 334.2144; mlz 334 (M+. 2%). 227 (107. 
M+ - C6H40CH3). 195 (139. M+ - C1oH19). and 151 (183. M+ - C02-Cl0H19). 
(-!-tsomenthvt (4-methoxyphenyl!methoxyacetate (156). b.p. 150°C at 0.01 
mmHg; 0H(250 MHz; COCI3) (Note: two diastereomers present) 0.67 0.80 (3H. d). 
0.81 0.82 (3H. d). 0.88 (3H. d). 1.15-1.85 (9H. m). 3.40 (3H. s). 3.80 (3H. d). 4.68 
4.69 (1 H. s). 5.00-5.11 (1 H. m). 6.88 (2H. d. J = 8.7 Hz). and 7.35 (2H. d. J = 8.7 
Hz); oC<62.9 MHz; COCIS> (Note: two diastereomers present) 18.55 18.97 (CH3). 
20.37 (CH3). 20.65 (CH3). 20.88 (CH2). 26.20 (CH). 27.34 27.61 (CH). 29.87 
(CH2). 35.19 35.85 (CH2). 45.63 45.68 (CH). 55.29 (OCH3). 57.12 (OCH3). 72.71 
(CH). 82.34 (CH). 113.91 (2 x CH). 128.48 128.57 (2 x CH). 128.79 128.88 (C). 
159.85 159.87 (C). and 170.39 (C); Found: M+. 334.2146 C2oH3004 requires 
334.2144; mlz 334 (M+. 2%). 227 (107. M+ - C6H40CH3). 195 (139. M+ -
C1oH19). and 151 (183. M+ - C02-Cl0H19). 
t-)-Boroyl (2-methoxyphenyl)methoxyacetate (157) 
(-)-Boroyl (4-methoxypheny!)methoxyacetate (158) 
(-)-Bornyl bjs(4-methoxyphenyl)acetate (108a) 
;&OtyOoMe ;&0 OH 
OMeOMe 
(157) 
OMe 
(158) 
Typical Procedure 
OMe 
OMe 
(108a) 
Tin tetrachloride (0.788 g. 3.0 mmol) was added dropwise by syringe to a solution 
of (-)-boroyl chloromethoxyacetate (150) (0.782 g. 3.0 mmol) and anisole (0.973 g. 
9.0 mmol) in dichloromethane (20 cm3) at -10°C. in a dry flask. under nitrogen. 
After 1 hour at -10°C. a saturated aqueous solution of sodium hydrogen carbonate 
(30 cm3) was added and the white precipitate filtered off. The product was 
extracted with dichloromethane (3 x 30 cm3). dried (MgS04). the solvent 
evaporated and finally Kugelrohr distillation gave an impure colourless viscous oil 
containing (-!-bornyl (2-methoxyohenyl!methoxvacetate (157). (-!-bornyl (4-
methoxyohenyl!methoxy acetate (158). and a colourless glassy solid (-!-bornvt 
bis(4-methoxyphenyl!acetate (108a) (0.11 g. 9%). The (-!-bornyl (2- and 4-
160 
dichloromethane as the eluant to give a 1.0:1.5 ratio mixture of 4- to 2-
regioisomers (0.60 g. 60%). 
(-'-Bornv/{2-methoxyphenvl!methoxyacetate(157). b.p. 150°C at 0.01 mmHg; 
Vrnax / cm·1 1744 (ester C=O); 0H(250 MHz; CDCI3; integration of the alkyl methyl 
peaks shows that two diastereomers are present with a de of 5%) (major 
diastereomer) 0.58 (3H. s). 0.68-1.18 (2H. m). 0.81 (3H. s). 0.86 (3H. s). 1.56-1.67 
(4H. m). 2.24 (1 H. m). 3.43 (3H. s). 3.85 (3H. s). 4.90 (1 H. m). 5.21 (1 H. s). 6.89 
(1 H, m). 6.96 (1 H. m). 7.29 (1 H. m). and 7.40 (1 H, m); (minor diastereomer) 0.68-
1.18 (2H. m). 0.81 (3H. s), 0.83 (3H. s). 0.86 (3H, s), 1.56-1.67 (4H. m), 2.27 (1 H, 
m), 3.44 (3H. s). 3.85 (3H. s). 4.90 (1 H. m), 5.20 (1 H, s), 6.89 (1 H, m), 6.96 (1 H, 
m), 7.29 (1H, m), and 7.40 (1H, m); 00<62.9 MHz; CDCI~ (Note: two 
diastereomers present and hence two numbers are sometimes shown for the 
chemical shift values) 13.11 13.41 (CH3), 18.85 (CH3), 19.64 19.70 (CH3), 26.73 
26.87 (CH2), 27.80 27.96 (CH2), 36.45 36.50 (CH2), 44.81 44.97 (CH). 47.7547.78 
(C), 48.74 49.01 (C), 55.51 (OCH3). 57.54 (OCH3). 76.57 76.65 (CH), 80.2080.50 
(CH). 110.60 110.63 (CH), 120.72 (CH), 125.23 125.53 (C), 128.18 (CH), 129.61 
(CH), 157.08 (C). and 171.34 (ester C); Found: M+, 332.1992 C2oH2S04 requires 
332.1988; Found: C, 72.61; H. 8.42%, C2oH2404 requires C, 72.26; H, 8.49%. 
(-'-Bornvl (4-methoxyphenvl!methoxyacetate (158), b.p. 150°C at 0.01 mmHg; 
0H(250 MHz; CDCI3) (Note: two diastereomers present) 0.60 0.81 (3H, s), 0.62-
1.23 (3H, m), 0.810.84 (3H, s), 0.86 (3H, s), 1.57-1.86 (3H, m), 2.17-2.33 (1H, m), 
3.403.41 (3H, s), 3.79 (3H, s), 4.72 4.73 (1H. s). 4.85-4.96 (1H. s). 6.88 (2H, d), 
and 7.37 (2H, d); oC<62.9 MHz; CDCI~ 13.25 13.50 (CH3), 18.85 (CH3l. 19.64 
(CH3), 26.89 27.31 (CH2), 27.80 27.96 (CH2), 36.45 (CH2). 44.75 (CH), 47.75 
47.78 (C). 48.70 (C), 55.29 55.51 (OCH3l. 57.15 (OCH3), 76.57 (CH), 80.42 80.70 
(CH), 113.87 (CH), 128.40 (CH), 128.68 128.91 (C), 159.78 (C), and 171.27 (ester 
C). 
(-'-Bornyl bis(4-methoxyohenyl!acetate (108a), b.p. 200°C at 0.Q1 mmHg; vmax / 
cm-1 1728 (ester C=O); 0H(250 MHz; CDCI3) 0.76 (3H, s). 0.84 (3H, s), 0.88 (3H, 
s), 1.08-1.32 (2H, m). 1.55-1.80 (4H, m), 2.35 (1H, m), 3.79 (6H. s), 4.90-4.94 (1H, 
m), 4.92 (1H. s), 6.84 (4H, m), and 7.23 (4H, m); oC<62.9 MHz; CDCI~ 13.49 
(CH3), 18.83 (CH3), 19.65 (CH3), 27.07 (CH2), 27.97 (CH2), 36.35 (CH2), 44.88 
(CH), 47.85 (C), 48.84 (Cl, 55.24 (2 x OCH3), 55.89 (CH), 80.62 (CH), 113.87 (4 x 
CH), 129.62 (4 x CH), 131.51 (C), 131.52 (C). 158.63 (2 x C). and 173.19 (ester 
C); Found: M+, 408.2312 C26H3204 requires 408.2300; Found: C, 76.81; H, 
7.99%, C26H3204 requires C, 77.44; H, 7.91%. 
161 
Methyl phenylmethoxyacetate94 
OMe 
~OMe (160) 
VH~ 
A solution of tin tetrachloride (0.788 g, 3.0 mmol) and (-)-bornyl 
chloromethoxyacetate (150) (0.831g, 6.0 mmol) in benzene (20 cm3) were heated 
under reflux for 4 hours in a dry flask, under nitrogen. The cold reaction mix1Ure 
was treated with a saturated aqueous solution of sodium hydrogen carbonate (30 
an3), filtered and extracted with dichloromethane (3x30 cm3), dried over MgS04 , 
filtered and the solvent evaporated. Kugelrohr distillation to gave methyl 
phenylmethoxyacetate (160) (0.174 g, 50%) as a colourless oil, b.p. 70° C at 0.05 
mmHg; vmax I cm,l 1752 (ester C=O); [a]o25 +8° (CHCI3); /lH (250 MHz; CDCh) 
. . 
3.40 (3H, s), 3.72 (3H, s), 4.78 (1H, s), and 7.26-7.37 (5H, m); /lc (62.9 MHz; 
CDCI~ 52.21 (ester OCH 3) 57.32 (OCH3), 82.59 (CH), 127.24 (2 x CH), 128.66 
(CH), 128.77 (2 x CH), 136.25 (C), and 171.0 (ester C); Found: M+, 180.0799 
calc. forCl0H1203180.0786. 
(-)-Bornyl (2-methoxynaphthyll methoxYacetate (161) 
(-)-Bornyl bis(4-methoxynaphthyl)acetate (163) 
~gH~ No~ 
OMeOMe 
(161) 
OMe 
OMe 
Tin tetrachloride (0.788 g, 3.0 mmol) was added dropwise by syringe to a solution 
of (-)-bornyl chloromethoxyacetate (150) (0.782 g, 3.0 mmol) and 1-
methoxynaphthalene (0.949 g, 6.0 mmol) in dichloromethane (15 cm3) at -10oC, in 
a dry flask, under nitrogen, After 30 minutes at -10oC, a saturated aqueous 
solution of sodium hydrogen carbonate (30 cmS) was added and the white 
precipitate filtered off. The product was extracted with dichloromethane (3 x 30 
an3), dried (MgS04), the solvent evaporated and finally Kugelrohr distillation gave 
a colourless viscous oil containing (-)-bornyl f2-methoxynaDhthylJmethoxyacetate 
(161) (0.753 g, 66%) and a glassy solid (-)-bornyl bis(4-methoxynaphthylJacetate 
(163) (0.381 g, 25%). 
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(-I-BoroY/ (2-methoxvaaohtbY/lmetboxyacetate (161). b.p. 170°C at 0.01 mmHg; 
Vrnax I cm·1 1742 (ester C=O); 0H(250 MHz; CDCI3) (Note: two diastereomers 
present in equal ratio) 0.35 0.75 (3H. s). 0.53-1.26 (3H. m). 0.78 0.82 (3H. s). 0.79 
0.81 (3H. s). 1.44-1.64 (3H. m). 2.16 2.30 (1 H. m). 3.45 (3H. s). 4.01 (3H. s). 4.84-
4.93 (1 H. m). 5.31 (1 H. s). 6.79 (1 H. d. J = 7.9 Hz). 7.40-7.57 (3H. m). 8.25 (1 H. 
m). and 8.30 (1 H. d. J = 7.9 Hz); 0C<62.9 MHz; CDCI~ (Note: two diastereomers 
are present and"hence two figures are sometimes quoted for the chemical shifts) 
12.93 13.47 (CH3). 18.80 (CH3). 19.56 (CH3). 26.65 26.92 (CH2). 27.55 27.88 
(CH2). 36.2736.51 (CH2). 44.62 44.82 (CH). 47.74 (C). 48.65 48.85 (C). 55.54 
(OCH3). 57.23 (OCH3). 80.6380.85 (CH). 81.06 81.16 (CH). 102.98 (CH). 122.43 
(CH). 123.91 124.01 (CH). 124.51 124.67 (C). 125.17 (CH). 125.88 (C). 126.69 
(CH). 127.04 (CH). 132.00 (C). 155.99 (C). and 171.50 (ester C); Found: M+. 
382.2150 C24H3004 requires 382.2144. 
(-I-Boroylbjs(4-metboxvaaohtbY/lacetafe(163). b.p. 250°C at 0.01 mmHg; vmax I 
cm·1 1730 (ester C=O); 0H(250 MHz; CDCI3) 0.73 (3H. s). 0.81 (3H. s). 0.87 (3H. 
s). 0.90-1.17 (2H. m). 1.55-1.70 (4H. m). 2.27-2.38 (1H. m). 3.96 (3H. s). 3.97 (3H. 
s). 4.98 (1 H. m). 6.31 (1 H. s). 6.71 (2H. m). 7.17 (2H. m). 7.48 (4H. m). 7.90 (2H. 
m). and 8.33 (2H. m); 0c(62.9 MHz; CDCI3) 13.44 (CH3). 18.86 (CH3). 19.64 
(CH3). 26.94 (CH2). 27.87 (CH2). 36.58 (CH2). 44.85 (CH). 47.82 (C). 48.76 (C). 
50.01 (CH). 55.48 (2 x OCH3). 80.87 (CH). 103.29 (CH). 103.31 (CH). 122.76 (2 x 
CH). 123.09 (CH). 123.15 (CH). 125.03 (CH). 125.10 (CH). 126.07 (C). 126.12 (C). 
126.54 (CH). 126.57 (CH). 126.61 (CH). 126.66 (CH). 126.95 (C). 126.98 (C). 
132.54 (C). 132.59 (C). 154.98 (C). 155.02 (C). and 173.78 (ester C); Found:M+. 
508.2611 C34H3S0 4 requires 508.2613. 
(-)-Bornyl (2.4-dimethoxyphenyllmethoxyacetate 
OH I ~~OMe o ~ (164) 
OMe OMe 
Tin tetrachloride (0.788 g. 3.0 mmol) was added dropwise by syringe to a solution 
of (-)-bornyl chloromethoxyacetate (150) (0.782 g. 3.0 mmol). 1.3-
dimethoxybenzene (1.244 g. 9.0 mmol). and bis-trimethylsilylacetamide (0.407 g. 
163 
2.0 mmol) in dichloromethane (20 cm3) at -40°C, in a dry flask, under nitrogen. 
After 1 hour at -40°C, a saturated aqueous solution of sodium hydrogen carbonate 
(30 cm3) was added and the white precipitate filtered off. The product was 
extracted with dichloromethane (3 x 30 cm3), dried (MgS04), the solvent 
evaporated and finally Kugelrohr distillation gave a colourless viscous oil 
containing (-I-bornyl (2.4-dimethoxyphenvllmethoxvacetate (164) and (- I-bornyl 
(2,6-dimethoxyohenylJmethoxy acetate (165) (0.395 g, 37%, 1:10 ratio of 2,6- to 
2,4- isomers in approximately 30% and 25% de respectively). 
(-I-Bornyl(2.4-dimethoxyohenyllmethoxyacetate (164), b.p. 190°C at 0.01 
mmHg; vmax I cm-1 1742 (ester C=O); 0H(250 MHz; CDCI3) (Note: two 
diastereomers present) 0.60 0.83 (3H, s), 0.67-1.18 (2H, m), 0.82 (3H, s), 0.87 
(3H, s), 1.57-1.75 (4H, m), 2.28 (1 H, m), 3.40 (3H, s), 3.80 (3H, s), 3.82 (3H, s), 
4.90 (1 H, m), 5.11 (1 H, s), 6.44-6.57 (2H, m), and 7.29 (1 H, m); od62.9 MHz; 
CDCI~ (Note: two diastereomers present) 13.12 13.39 (CH3), 18.78 (CH3), 19.56 
19.58 (CH3), 26.66 26.80 (CH2), 27.81 27.88 (CH2), 36.38 36.41 (CH2),44.67 
44.83 (CH), 47.6847.71 (C), 48.63 48.90 (C), 55.29 (OCHa), 55.43 (OCHa), 57.22 
(OCHa), 76.19 (CH), 80.01 80.32 (CH), 98.33 98.35 (CH), 104.33 (CH), 117.68 
117.90 (C), 129.88 (CH), 158.13 158.16 (C), 160.96 (C), and 170.47170.57 (ester 
C); Found: M+, 362.2328 C21H300S requires 362.2093. 
(-)-Menthyl (2,4-dimethoxyphenyllmethoxyacetate 
o.WOMe OH I ° ~ (166) ~ OMe OMe 
Tin tetrachloride (0.788 g, 3.0 mmol) was added dropwise by syringe to a solution 
of (-)-menthyl chloromethoxyacetate (148) (0.782 g, 3.0 mmol) and 1,3-
dimethoxybenzene (1.244 g, 9.0 mmol) in dichloromethane (20 cm3) at -40°C, in a 
dry flask, under nitrogen. After 4 hours at -40°C, a saturated aqueous solution of 
sodium hydrogen carbonate (30 cm3) was added and the white precipitate filtered 
off. The product was extracted with dichloromethane (3 x 30 cma), dried (MgSO~, 
the solvent evaporated and finally Kugelrohr distillation gave a colourless viscous 
oil containing (-I-menthyl (2.4-dimethoxyphenyf) methoxvacetate (166) and f± 
menthyl (2,6-dimethoxyphenyll methoxy acetate (167) (0.404 g, 37%,1 :10 ratio of 
2,6- to 2,4- isomers in approximately 3% and 4% de respectively). 
(-I-Menthyl (2.4-dimethox'{phenyllmethoxyacetate (166), b.p. 190°C at 0.01 
164 
mmHg; vmax I cm" 1742 (ester C=O); 8H(250 MHz; CDCI3) (Note: two 
diastereomers present) 0.53 0.74 (3H. s). 0.68-2.13 (9H. m). 0.70 0.85 (3H. s). 
0.850.86 (3H. s). 3.38 (3H. s). 3.80 (3H. s). 3.81 (3H. s). 4.694.73 (1H. m). 5.05 
5.06 (1 H. s). 6.43·6.55 (2H. m). and 7.28 (1 H. m); 80<62.9 MHz; CDCI~ (Note: two 
diastereomers present) 15.79 16.18 (CH3). 20.56 20.67 (CH 3). 21.94 21.96 (CH3). 
23.10 23.28 (CH2). 25.50 26.11 (CH). 31.22 31.30 (CH). 34.10 34.15 (CH2). 40.23 
40.74 (CH 2). 46.6746.91 (CH). 55.30 55.35 (OCH3). 55.46 (OCH 3). 57.13 (OCH3). 
74.67 74.90 (CH). 76.17 (CH). 98.36 98.50 (CH). 104.36 (CH). 117.58 117.68 (C). 
129.31 129.34 (CH). 158.24158.32 (C). 161.05 161.10 (C). and 170.83 170.97 
(ester C); Found: M+. 364.2798 C2,H320 S requires 364.2250. 
(-}-Menthyl (N-methyl-3-jndolyllmethoxyacetate 
A OH U o OMe A 
(168) 
Me 
Zinc chloride (0.409 g. 3.0 mmol) dissolved in dry tetrahydrofuran (10 cm3) was 
added to a cooled (ice bath) and stirred solution of (-)-menthyl 
chloromethoxyacetate (148) (0.788 g. 3.0 mmol). bis-trimethylsilylacetamide (0.407 
g. 2.0 mmol). and N-methylindole (0.525 g. 4.0 mmol) dissolved in tetrahydrofuran 
(10 cm3). After 3 hours at 20°C. the reaction mixture was treated with a saturated 
aqueous solution of sodium hydrogen carbonate (30 cm3). filtered. extracted with 
dichloromethane (3x30 cm3). dried (MgS04). and the solvent evaporated. 
Chromatography on silica gel with diethyl ether-light petroleum (b.p. 40-60° C) (1 :5) 
gave (-I-menthyl fN-methyl-3-indolyllmethoxyacetate (168) (0.455 g. 42%) as a 
viscous colourless liquid. Vmax I cm-' 1736 (ester C=O); 8H(250 MHz; CDCI3) 
(Note: two diastereomers present) 0.36 0.52 (3H. d). 0.73 0.93 (3H. d). 0.84 0.85 
(3H. d). 0.85-2.17 (9H. m). 3.42 3.43 (3H. s). 3.75 3.76 (3H. s). 4.70 4.77 (1 H. m). 
5.055.08 (1H. s). 7.12-7.28 (4H. m). and 7.75 (1H. m); 80<62.9 MHz; CDCI~ 
(Note: two diastereomers present) 15.60 16.17 (CH3). 20.43 20.75 (CH3). 21.93 
22.02 (CH 3)' 23.04 23.28 (CH2). 25.43 26.17 (CH). 31.33 31.41 (CH). 32.79 32.87 
(NCH 3). 34.16 34.18 (CH2). 40.35 40.91 (CH2). 46.89 47.07 (CH). 56.87 (OCH3). 
74.9675.034 (CH). 76.37 76.54 (CH). 109.16 109.27 (CH). 109.97 110.21 (C). 
119.65 119.67 (CH). 119.85 119.97 (CH). 122.00 122.05 (CH). 126.70 (C). 128.24 
165 
128.29 (CH). 137.11 (C). and 170.89 (C); Found: M+. 357.2332 C22Ha1 NOa 
requires 357.2304. 
I-)-Bornyl IN-methyl-3-indolyllmethoxyacetate 
1-)-Bornyl I N-methyl-3-indolyll hydroxyacetate 
re... OH ~O OMe re... OH ~O OH 
(126) (127) Me 
, procedure 2 
Zinc chloride (0.136 g. 1.0 mmol) dissolved in dry tetrahydrofuran (1 cm3 ) and 
dimethoxyethane (10 cm3 ) was added to a stirred solution of (-)-bornyl 
chloromethoxyacetate (150) (0.782 g. 3.0 mmol). bis-trimethylsilylacetamide (0.407 
g. 2.0 mmol). and N-methylindole (0.787 g. 6.0 mmol) dissolved in 
dimethoxyethane (10 cm3) in a dry flask. under nitrogen and at -100 C. After 0.5 
hour at -10°C. the resulting orange solution was treated with a saturated aqueous 
solution of sodium hydrogen carbonate (30 cm3). filtered. extracted with 
dichloromethane (3x30 cm3). dried (MgS04). and the solvent evaporated. 
Chromatography on silica gel with diethyl ether-light petroleum (b.p. 40-600 C) (1 :5) 
gave f-!-bornyl fN-methyl-3-indolyllmethoxvacetate (126) (0.139 g. 13%) and 1± 
bQrny/ fN-methyl-3-indolyllhydroxyacetate (127) (0.612 g. 60%) as a viscous 
colourless liquid. [Note: bis-trimethylsilylacetamide (ca. 0.02 g) was added to the 
crude product before chromatography to prevent unwanted reactions on the 
column]. 
f-!-Bornyl fN-methylindolyllmethoxyacetate (126). vmax I cm-1 1738 (ester C=O); 
15H (250 MHz; COCI3) [Note: two diastereomers are present in 9:10 ratio (5% de.) 
by integration] 0.60 0.82 (3H. s). 0.85 (3H. s). 0.86 0.87 (3H. s). 0.76-1.25 (3H. m). 
1.57-1.88 (3H. m). 2.23-2.36 (1 H. m). 3.46 (3H. s). 3.77 (3H. s). 4.95 (1 H. m). 5.10 
5.11 (1 H. s). 7.01-7.32 (4H. m). and 7.80 (1 H. m); 15c (62.9 MHz; COClal 13.27 
13.56 (CH 3). 18.83 (CH3). 19.63 (CH3). 26.97 27.13 (CH 2). 27.81 27.97 (CH 2). 
32.87 (NCH3). 36.39 36.67 (CH2). 44.75 44.87 (CH). 47.84 (C). 48.90 (C). 57.00 
(OCH 3). 76.69 (CH). 80.69 (CH). 109.29 (CH). 110.12 110.30 (C). 119.65 (CH). 
119.89 120.00 (CH). 122.02 (CH). 126.48 (C). 128.12 (CH). 137.10 (C). and 
171.59171.70 (ester C); Found: M+. 355.2279 C22H29N03 requires 355.2147. 
166 
(-I-BornyUN-metbvl-3-;ndo/yllhvdroxvacetate (127). vmax I cm-1 3468 (O-H) and 
1724 (esterC=O); BH (250 MHz; COCla) [Note: two diastereomers are present in 
12:13 ratIo (4% de.) by integration) 0.510.79 (3H. s). 0.830.87 (3H. s). 0.86 (3H. 
s). 0.69-1.11 (3H. m). 1.55-1.74 (3H. m). 2.21-2.45 (1 H. m). 3.17 (1 H. broad. O2° 
exchangeable). 3.743.75 (3H. s). 4.97 (1 H. m). 5.48 5.49 (1 H. s). 7.06-7.37 (4H. 
m). and 7.72 (1H. m); Bc (62.9 MHz; COCI:J 13.1413.53 (CH3). 18.80 (CHa). 
19.5819.61 (CH3).26.71 26.99 (CH2). 27.66 27.91 (CH2). 32.82 (NCH3). 36.21 
36.52 (CH2). 44.67 44.80 (CH). 47.87 (C). 48.87 48.93 (C). 67.24 67.36 (CH). 
81.86 (CH). 109.35 (CH). 112.56 112.69 (C). 119.55 119.63 (CH). 119.69 (CH). 
122.02 (CH). 12600 (C). 127.36 (CH). 137.24 (C). and 174.52 (ester C); Found: 
M+. 327.1958 C21H27N03 requires 327.1990. 
Methyl [N-Il-phenylethyll-2-pyrrolyl]methoxyacetate (170) 
Methyl [N-Il-phenylethyll-3-pyrrolyljmethoxyacetate (171) 
n C~Me 
..... t:I~H ~ OMe 
Ph HMe 
(170a) (RS) 
n C02Me 
..... t:I/~OMe Ph~MeH 
(170b) (RR) 
Procedure 1 
Zinc chloride (1.295 g. 9.5 mmol) dissolved in dry tetrahydrofuran (15 cm3) was 
added to a cooled (ice bath) and stirred solution of methyl chloromethoxyacetate 
(1.386 g. 10.0 mmol). bis-tnmethylsilylacetamide (1.424 g. 7.0 mmol). and (R)-N-
(1-phenylethyl)pyrrole (151) (2.569 g. 15.0 mmol) dissolved in tetrahydrofuran (25 
em 3). After 1.5 hours at O°C. the reaction mixture was treated with a saturated 
aqueous solution of sodium hydrogen carbonate (50 cm3). filtered. extracted with 
dichloromethane (3x30 cm3). dried (MgS04). and the solvent evaporated. 
Chromatography on silica gel with diethyl ether-light petroleum (b.p. 40-60° C) (1 :5) 
gave methyl IN-(1-ohenylethv{)-2-oyrrolyllmethoxvacetate (170) (0.354 g. 13%) 
and methvl [N-(1-phenylethyf)-3-pyrrolyllmethoxvacetate (171) (0.971 g. 35%) 
both as viscous colourless liquids. The 2-isomer (170) was separated into its two 
diastereomers. giving 0.091 g (3%) and 0.26 g (10%) of each isomer. NOE data 
suggests that the major diastereomer (170a) has (R.S) stereochemistry and the 
minor diastereomer (170b) has (R.R) stereochemistry. 
Methyl IN-(1-phenylethyll-2-ovrroly!Jmethoxyacetate (170a). v max I cm·1 1750 
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(ester C=O); IlH(250 MHz; CDCI3) 1.77 (3H. d. J = 7.0 Hz). 3.23 (3H. 5). 3.34 (3H. 
5). 4.85 (1 H. 5). 5.64 (1 H. q. J = 7.0 Hz). 6.18 (1 H. m). 6.26 (1 H. m). 6.85 (1 H. m). 
6.99 (2H. m). and 7.18-7.30 (3H. m); Ild62.9 MHz; CDCI:J 22.31 (CH3). 52.00 
(OCH3). 54.89 (OCH3). 56.68 (CH). 75.74 (CH). 107.67 (CH). 111.24 (CH). 120.46 
(CH). 125.75 (2 x CH). 126.42 (C). 127.06 (2 x CH). 128.41 (CH). 143.26 (C). and 
170.14 (C); Found: M+. 273.1345 C16H19N03 requires 273.1364. 
Methvl fN-ft-phenylethylI-2-pyrroIYl1methoxyacetate (170b). Vrnax I cm-1 1750 
(ester C=O); IlH(250 MHz; CDCI3) 1.72 (3H. d. J = 7.0 Hz). 3.26 (3H. s). 3.74 (3H. 
s). 4.80 (1 H. s). 5.61 (1 H. q. J = 7.0 Hz). 6.16 (2H. m). 6.82 (1 H. m). 7.10 (2H. m). 
and 7.18-7.32 (3H. m); Ilc(62.9 MHz; CDCI:J 22.23 (CH3). 52.12 (OCH3). 54.81 
(CH). 56.44 (OCH 3). 75.46 (CH). 107.50 (CH). 110.56 (CH). 120.36 (CH). 125.81 
(2 x CH). 126.13 (C). 127.17 (2 x CH), 128.47 (CH), 143.07 (C). and 170.52 (C); 
Found: M+. 273.1351 C16H19N03 requires 273.1364. 
Methyl fN-I1-phenylethylJ-3-pyrrolvllmethoxyacefate (171). v max I cm-1 1750 
(ester C=O); IlH(400 MHz; CDCI3) [Note: two diastereomers are present in 9:10 
ratio (5% de.) by integration) 1.78 1.79 (3H. d. J = 7.0 Hz), 3.37 (3H. s). 3.74 (3H. 
s). 4.74 4.75 (1 H. s), 5.20 (1 H. q. J = 7.0 Hz). 6.20 (1 H. m). 6.66 (1 H. q. J = 1.6 
Hz). 6.82 (1 H, m). 7.08 (2H, m), and 7.22-7.32 (3H. m); IlcC62.9 MHz; CDCI:J 
21.63 (CH3). 52.12 (OCH 3). 56.66 (OCH3). 58.10 (CH), 77.12 (CH). 107.29 (CH). 
118.24 (C). 118.59 118.64 (CH). 119.94 119.98 (CH), 125.72 (2 x CH). 127.44 (2 x 
CH). 128.43 (CH). 143.08 143.20 (C), and 171.81 (C); Found: M+. 273.1364 
C16H 19N03 requires 273.1364. 
Methyl fN-(1-phenylethyl)-2-pyrrolyllmethoxyacetate (170) 
Methyl fN-(1-phenylethyl)-3-pyrrolyOmethoxyacetate (171) 
procedure 2 
Tin tetrachloride (1.563 g. 6.0 mmol) was added dropwise to a stirred solution of 
methyl chloromethoxyacetate (0.831 g. 6.0 mmol). bis-trimethylsilylacetamide 
(0.915 g. 4.5 mmol). and N-(phenylethyl)pyrrole (0.856 g. 5.0 mmol) dissolved in 
dichloromethane (20 cm3) at -78° C. After 1 hour at -78°C. the reaction mixture 
was treated with a saturated aqueous solution of sodium hydrogen carbonate (30 
cm3), filtered. extracted with dichloromethane (3x30 cm3), dried (MgS04). and the 
solvent evaporated. Chromatography on silica gel with diethyl ether-light 
petroleum (b.p. 40-60° C) (1 :5) gave methyl fN-f1-phenylethyll-2-
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pvrrolvllmethoxyacetate (170) (0.184 g. 14%) and methyl fN-(1-phenylethyll-3-
pyrrolyllmethoxyacetate (171) (0.227 g. 17%). The 2- isomers (170) was formed 
with a de of 61 % by integration of the 250 MHz proton NMR spectrum. 
{-)-BornyI2,4,4'-tnmethoxydiphenylacetate 
(172) 
OMe 
Tin tetrachloride (0.782 g. 3.0 mmol) was added dropwise to a stirred solution of (-
)-bornyl (4-methoxyphenyl)methoxyacetate (158) (0.349 g. 1.05 mmol. note - also 
contained 0.648 9 of the ortho- isomer (157) which is inert under the reaction 
conditions.) and 1.3-dimethoxybenzene (1.244 g. 9.0 mmol) dissolved in 
dichloromethane (25 cm 3) at 20° C. This was heated under reflux for 2 hours and 
cooled. The resulting red solution was treated With a saturated aqueous solution of 
sodium hydrogen carbonate (30 cm 3). filtered. extracted with dichloromethane 
(3x30 cm3). dried (MgS04). and the solvent evaporated. Kugelrohrdistillation gave 
(-)-bornyl 2.4.4·-trimethoxydiphenylacetate (172) (0.387 g. 84%). b.p. 210°C at 
0.01 mmHg; vmax I cm-1 1728 (ester C=O); liH (250 MHz; CDCI3) (Note: two 
diastereomers are present in equal ratio by integration) 0.71 0.80 (3H. s). 0.83 (3H. 
s). 0.88 (3H. s). 0.90-1.27 (3H. m). 1.61-1.74 (3H. m). 2.23-2.42 (1H. m). 3.77 (3H. 
s). 3.79 (6H. s). 4.93 (1H. m). 5.135.14 (1H. s). 6.36-6.45 (2H. m). 6.84-6.89 (3H. 
m). and 7.22 (2H. d. J = 9.2 Hz); lie (62.9 MHz; CDCI3) 13.3813.50 (CH 3). 18.86 
(CH3). 19.66 (CH3). 26.9527.06 (CH2). 27.97 28.03 (CH2). 36.46 36.60 (CH2). 
44.8544.89 (CH). 47.76 47.82 (C). 48.78 48.82 (C). 50.25 (CH). 55.22 (OCH3). 
55.32 (OCH3). 55.38 (OCH3). 80.20 (CH). 98.29 98.34 (CH). 103.75 (CH). 113.84 
(2 x CH). 122.03122.14 (C). 129.52 129.60 (CH). 129.85 130.10 (2 x CH). 130.21 
130.25 (C). 157.77 157.80 (C). 158.56 (C). 159.91 (C). and 173.57 (ester C); 
Found: M+. 438.2418 C27H340 S requires 438.2406. 
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I-I-Menthyl 14-methoxynaphthyll-14-methoxyphenyllacetate 
(173) 
OMe 
Tin tetrachloride (0.782 g. 3.0 mmol) was added dropwise to a stirred solution of {-
)-menthyl {4-methoxyphenyl)methoxyacetate (0.349 g. 1.05 mmol. note: also 
contained 0.648 9 of the ortho- isomer which is inert under the reaction 
conditions.) and 1-methoxynaphthalene (0.949 g. 6.0 mmol) dissolved in 
dichloromethane (20 cm 3) at ODC. This was stirred for 2 hours at ODC and the 
resulting red solution was treated with a saturated aqueous solution of sodium 
hydrogen carbonate (30 cm 3). filtered. extracted with dichloromethane (3x30 cm3). 
dried (MgS04). and the solvent evaporated. Kugelrohr distillation gave ~ 
menthyl (4-methoxynaphthvll-(4-methoxyohenvllacetate (173) (0.145 g. 35%). 
b.p. 220 DC at 0.02 mmHg; Vmax J cm-' 1730 (ester C=O); liH {250 MHz; CDCI~ 
(Note: two diastereomers are present in 2:3 ratio by integration) (major 
diastereomer) 0.64 (3H. d. J = 7.0 Hz). 0.76 (3H. d. J = 7.0 Hz). 0.86 (3H. d. J = 
7.0 Hz). 0.86-2.06 (9H. m). 3.80 (3H. s). 3.98 (3H. s). 4.72 (1 H. m). 5.59 (1 H. s). 
6.73 (1 H. d. J = 8.1 Hz). 6.83-6.89 (2H. m). 7.15 (1 H. d. J = 8.1 Hz). 7.18-7.26 (2H. 
m). 7.44-7.49 (2H. m). 7.90-7.95 (1 H. m). and 8.28-8.32 (1 H. m); (minor 
diastereomer) 0.57 (3H. d. J = 7.0 Hz). 0.66 (3H. d. J = 7.0 Hz). 0.86 (3H. d. J = 
7.0 Hz). 0.86-2.06 (9H. m). 3.78 (3H. s). 4.00 (3H. s). 4.73 (1H. m). 5.59 (1H. s). 
6.74 (1 H. d. J = 8.1 Hz). 6.83-6.89 (3H. m). 7.18-7.26 (2H. m). 7.44-7.49 (2H. m). 
7.90-7.95 (1H. m). and 8.28-8.32 (1H. m); lie {62.9 MHz; CDCI~ 15.85 16.03 
(CH3). 20.60 20.70 (CH3). 22.06 (CH3). 23.00 23.27 (CH2). 25.71 25.81 (CH). 
31.40 (CH). 34.24 (CH2). 40.5640.61 (CH 2). 46.92 (CH). 52.90 53.06 (CH). 55.27 
(OCH 3). 55.50 (OCH3). 75.05 75.09 (CH). 103.03103.10 (CH). 113.91 113.95 (2 x 
CH). 122.69 (CH). 123.09 123.25 (CH). 125.95 129.04 (C). 126.21 126.30 (CH). 
126.72 126.85 (CH). 127.00 127.26 (C). 129.57 (CH). 129.95 130.08 (2 x CH). 
130.34130.62 (Cl. 132.47132.60 (Cl. 154.91 154.98 {Cl. 158.64158.70 {Cl. and 
172.87 172.91 {ester Cl; Found: M+. 460.2642 C30H360 4 requires 460.2642. 
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(+)-Isomenthyl (4-methoxyphenyIHN-methyl-3-indolyllacetate 
OMe 
lodotrimethylsilane (0.500 g. 2.5 mmol) was added dropwise to a solution of (+)-
isomenthyl (4-methoxyphenyl)methoxyacetate (156) (0.278 g. 0.83 mmol) and N-
methylindole (0.787 g. 6.0 mmol) in acetonitrile (15 cm 3) at 20° C. After 12 hours. 
the resulting brown solution was treated with a saturated aqueous solution of 
sodium hydrogen carbonate (30 cm3). extracted with dichloromethane (3x30 cm3). 
dried (MgS04). and the solvent evaporated. Chromatography on silica gel with 
dichloromethane-light petroleum (1 :2) gave (+!-fsomenthyl f4-methoxyphenyll-fN-
methyl-3-indoly/lacetate (174) (0.325 g. 90%). vmax / cm-1 1728 (ester C=O); 5H 
(250 MHz; CDCI3) (Note: two diastereomers are present in equal ratio by 
integration) 0.740.79 (3H. d). 0.83-0.90 (6H. m). 1.25-1.95 (9H. m). 3.77 (3H. s). 
3.82 (3H. s). 5.07 (1 H. m). 5.16 (1 H. s). 6.83 (2H. d. J = 8.6 Hz). 7.04-7.08 (2H. m). 
and 7.17-7.40 (5H. m); 50 (62.9 MHz; CDCI~ 18.78 (CH3). 20.32 20.36 (CH3). 
20.5720.76 (CH2). 20.81 (CH3). 26.01 26.03 (CH). 27.46 27.49 (CH). 29.67 (CH2). 
32.73 (CH 3). 30.59 30.71 (CH2). 45.55 45.61 (CH). 48.37 (CH). 55.22 (OCH3). 
72.37 (CH). 109.17 (CH). 112.49 112.57 (C). 113.73 (2 x CH). 118.97 (CH). 119.09 
119.13 (CH). 121.56 121.66 (CH). 127.07 (C). 127.67 (CH). 129.33 (2 x CH). 
131.22 (C). 136.98 (C). 158.56 (C). and 172.66 (ester C); Found: M +. 433.2632 
C2sH35N03 requires 433.2617. 
(-)-Boroyl (N-benzyl-2-pyrrolyll-(N-methyl-3-jndolyl)acetate 
(176) 
. 
Me 
lodotrimethylsilane (0.169 g. 0.84 mmol). followed by a saturated solution of 
hydrogen chloride in tetrahydrofuran (0.01 cm3). was added dropwise to a solution 
of (-)-boroyl (N-methyl-3-indolyl)methoxyacetate (126) (0.300 g. 0.84 mmol) and 
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N-benzylpyrrole (0.265 g, 1.69 mmol) in tetrahydrofuran (15 cm3) at -780 C. After 
2 hours at -780 C, the solution was treated with a saturated aqueous solution of 
sodium hydrogen carbonate (30 cm3), extracted with dichloromethane (3x30 cm3), 
dried (MgS04), and the solvent evaporated. Chromatography on silica gel with 
diethyl ether-light petroleum (1 :5) gave (-'-bornyl (N-benzyl-2-oyrrolylJ-(N-methyf-
3-indolyl/acetate (0.301 g, 75%), Vrnax I cm·1 1736 (ester C=O); BH (250 MHz; 
CDCI3) (Note: two diastereomers were present in 6:7 ratio by integration) 0.74 
(3H, s, major dlastereomer), 0.75 (3H, s, minor diastereomer), 0.84 (3H, s), 0.86 
(3H, s), 0.86-0.93 (1 H, m), 1.05-1.26 (2H, m), 1.56-1.78 (3H, m), 2.25-2.33 (1 H, 
m), 3.67 (3H, s), 4.84-4.89 (1 H, m), 5.02 (2H, s), 5.10 (1 H, s), 6.15 (1 H, t, J = 3.2 
Hz), 6.22 (1 H, m, major diastereomer), 6.24 (1 H, m, minor diastereomer), 6.67 (1 H, 
m), 6.84 (1H, s), 6.93 (2H, m), 7.01 (1H, t), and 7.17-7.28 (6H, m); Bc (62.9 MHz; 
CDCI3) 13.49 (CH3), 18.83 (CH3), 19.64 (CH3), 27.05 (CH2), 27.90 27.94 (CH2), 
32.73 (NCH3), 36.52 36.62 (CH2), 41.2841.36 (CH), 44.82 (CH), 47.83 (C), 48.74 
(C), 50.56 (NCH2), 80.80 (CH), 107.33 (CH), 108.61 108.64 (CH), 109.19 (CH), 
111.33 (C), 118.93 (CH), 119.06 (CH). 121.60 (CH), 122.10 122.13 (CH), 126.34 
(2 x CH), 126.89 (C), 127.30 (CH), 128.21 128.23 (CH). 128.62 (2 x CH). 129.53 
(C), 136.97 (C). 138.20 (C), and 172.22 (ester C); Found: M +. 480.2785 
C32H3SN202 requires 480.2777. 
(-)-Menthyl (N-benzyl-2-pyrrolyl\ (N=methyl-3-indolyl)acetate 
Procedure 1 
(177) 
Me 
lodotrimethylsilane (0.070 g. 0.35 mmol). followed by a saturated solution of 
hydrogen chloride in diethyl ether (0.01 cm3), was added dropwise to a solution of 
(-)-menthyl (N-methyl-3-indolyl)methoxyacetate (168) (0.115 g, 0.32 mmol) and 
N-benzylpyrrole (0.101 g, 0.64 mmol) in tetrahydrofuran (10 cm3) at -780 C. After 
3 hours at -780 C. the solution was treated with a saturated aqueous solution of 
sodium hydrogen carbonate (20 cm3). extracted with dichloromethane (3x30 cm3). 
dried (MgS04), and the solvent evaporated. Chromatography on silica gel with 
diethyl ether-light petroleum (1 :12) gave (-'-menthvl (N-benzyl-2-oyrrolyl/-(N-
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methy/-3-indo/vllacetate (177) (0.125 g. 81 %). The diastereomers were separated 
by crystallisation from methanol. vmax I cm·1 1728 (ester C=O); OH (250 MHz; 
CDCI3) (Note: two diastereomers were present in 1.0:3.0 ratio by integration) 
(major diastereomer) 0.58 (3H. d. J = 7.0 Hz). 0.73 (3H. d. J = 7.0 Hz). 0.80-0.99 
(3H. m). 0.88 (3H. d. J = 7.0 Hz). 1.23-1.56 (5H. m). 1.94-2.00 (1H. m). 3.68 (3H. 
s). 4.67 (1 H. dt. J = 4.3 and 10.9 Hz). 5.02 (2H. s). 5.06 (1 H. s). 6.15 (2H. m). 6.66 
(1 H. m). 6.85 (1 H. s). and 6.92-7.27 (9H. m); (minor diastereomer) 0.68 (3H. d. J = 
7.0 Hz). 0.75 (3H. d. J = 7.0 Hz). 0.80-0.99 (3H. m). 0.86 (3H. d. J = 7.0 Hz). 1.23-
1.56 (5H. m). 1.94-2.00 (1 H. m). 3.67 (3H. s). 4.68 (1 H. dt. J = 4.3 and 10.9 Hz). 
4.98 (2H. s). 5.06 (1 H. s). 6.15 (1 H. m). 6.21 (1 H. m). 6.66 (1 H. m). 6.79 (1 H. s). 
6.92-7.27 (8H. m). and 7.59 (1H. m); ocC62.9 MHz; CDCI~ (major diastereomer) 
15.92 (CH3). 20.58 (CH3). 21.94 (CH3). 23.10 (CH2). 25.07 (CH). 31.26 (CH). 32.60 
(NCH3). 34.13 (CH2). 40.36 (CH2). 41.23 (CH). 46.88 (CH). 50.56 (NCH2). 74.39 
(CH). 107.18 (CH). 108.64 (CH). 109.29 (CH). 111.02 (C). 118.88 (CH). 118.94 
(CH). 121.47 (CH). 122.03 (CH). 126.40 (2 x CH). 126.83 (C). 127.18 (CH). 128.03 
(CH). 128.46 (2 x CH). 129.58 (C). 136.86 (C). 138.05 (C). and 171.95 (ester C); 
(minor diastereomer) 15.82 (CH3). 20.58 (CH3). 21.94 (CH3). 23.03 (CH2). 25.51 
(CH). 31.26 (CH). 32.60 (NCH3). 34.13 (CH2). 40.48 (CH2). 41.42 (CH). 46.97 
(CH). 50.31 (NCH2). 74.89 (CH). 107.18 (CH). 108.36 (CH). 109.29 (CH). 111.02 
(C). 118.88 (CH). 118.94 (CH). 121.47 (CH). 121.93 (CH). 126.26 (2 x CH). 126.83 
(C). 127.18 (CH). 128.03 (CH). 128.46 (2 x CH). 129.58 (C). 136.86 (C). 138.05 
(C). and 171.95 (ester C); Found: M+. 482.2915 C32H38N202 requires 482.2933. 
(-)-8-Ph e nylme othyl ( N-be nzyl-2-pyrrolyl)-(N-methyl-3-j ndolyl)acetate 
Me 
Trimethylsilyl triflate (33 mg. 0.15 mmol) was added dropwise to a solution of (-)-8-
phenylmenthyl (N-methyl-3-indolyl)hydroxyacetate (137) (46 mg. 0.11 mmol) and 
N-benzylpyrrole (34 mg. 0.22 mmol) in dichloromethane (20 cm3) at -780 C. After 
0.5 hour at -78°C. the solution was treated with a saturated aqueous solution of 
sodium hydrogen carbonate (20 cm3). extracted with dichloromethane (3x30 cm3). 
dried (MgS04). and the solvent evaporated. Chromatography on silica gel with 
diethyl ether-light petroleum (1 :12) gave f-I-8-phenv/menthy/ fN-benzy/-2-pyrro/yll-
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(N-methyl-3-indolyl/acetate (178) (58 mg. 95%). vmax I cm·1 1733 (ester C=O); 
oH (400 MHz; CDCI 3) (Note: only one diastereomer was detectable by NMR. ie 
>98%de) 0.74-1.04 (3H. m). 0.83 (3H. d. J = 6.5 Hz). 1.13 (3H. s). 1.15 (3H. s). 
1.35-1.58 (3H. m). 1.85-1.95 (2H. m). 3.69 (3H. s). 4.60 (1 H. s). 4.67 (1 H. dt. J = 
4.2 and 11.3 Hz). 4.92 (2H. s). 6.05 (1 H. dd. J = 2.0 and 2.7 Hz). 6.09 (1 H. t. J = 
2.7 Hz). 6.57 (1 H. dd. J =2.0 and 2.7 Hz). 6.88 (2H. m). 6.95 (1 H. s). and 6.94-7.27 
(12H. m); Oc (62.9 MHz; CDCI:J 21.82 (CH3). 25.98 (CH3). 26.89 (CH2). 27.20 
(CH3). 31.28 (CH). 32.73 (NCH3). 34.58 (CH2). 39.93 (C). 40.98 (CH2). 40.98 (CH). 
50.31 (NCH2). 50.46 (CH). 75.66 (CH). 107.34 (CH). 108.40 (CH). 109.10 (CH). 
110.67 (C). 118.92 (CH). 119.25 (CH). 121.47 (CH). 121.92 (CH). 125.04 (2 x CH). 
125.54 (2 x CH). 126.61 (2 x CH). 127.24 (CH). 127.92 (2 x CH). 128.45 (C). 
128.51 (2 x CH). 130.00 (C). 136.90 (C). 138.22 (C). 151.22 (C). and 171.09 (ester 
C); Found: M+. 558.3251 C3sH42N202 requires 558.3246. 
(-)-Me nthyl (N-met hyl-2-pyrro Iyl)-( N-methyl-3-i ndo Iyl)acetate 
Me 
Trimethylsilyl triflate (0.333 g. 1.5 mmol) was added dropwise to a solution of (0)-
menthyl (N-methyl-2-pyrrolyl)hydroxyacetate (142) (0.293 g. 1.0 mmol) and N-
methyhndole (0.262 g. 2.0 mmol) in dichloromethane (20 cm3) at -90° C. After 1.0 
hour at -90°C. the solution was treated with a saturated aqueous solution of 
sodium hydrogen carbonate (20 cm3). extracted with dichloromethane (3x30 em3). 
dried (MgS04). and the solvent evaporated. Chromatography on siliea gel with 
diethyl ether~light petroleum (1 :12) gave (-/-menthyl (N-methyl-2-pyrroly//-(N-
methyl-3-indolyl/acetate (179) (0.322 g. 79%). vmax I cm-1 1732 (ester C=O); oH 
(250 MHz; CDCI3) (Note: two diastereomers were present in 1.0:1.9 ratio by 
integration) (major diastereomer) 0.57 (3H. d. J = 7.0 Hz). 0.69 (3H. d. J = 7.0 Hz). 
0.80-1.05 (2H. m). 0.87 (3H. d. J = 7.0 Hz). 1.23-1.66 (6H. m). 1.94-2.00 (1H. m). 
3.46-(3H. 5).3.71 (3H. s). 4.71 (1H. dt. J = 4.3 and 10.9 Hz). 5.19 (1H. s). 6.08 
(1 H. m). 6.15 (1 H. m). 6.58 (1 H. d. J = 2.3 Hz). 6.82 (1 H. s). 7.08 (1 H. t. J = 8.6 
Hz). 7.19-7.27 (2H. m). and 7.51 (1 H. d. J = 8.6 Hz); (minor diastereomer) 0.61 
(3H. d. J = 7.0 Hz). 0.77 (3H. d. J = 7.0 Hz). 0.80-1.05 (2H. m). 0.88 (3H. d. J = 7.0 
Hz). 1.23-1.66 (6H. m). 1.94-2.00 (1 H. m). 3.47 (3H. 5). 3.72 (3H. s). 4.71 (1 H. dt. J 
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= 4.3 and 10.9 Hz). 5.19 (1 H. s). 6.08 (1 H. m). 6.11 (1 H. m). 6.58 (1 H. d. J = 2.3 
Hz). 6.85 (1H. s). 7.09 (1H. t. J = 8.6 Hz). 7.19-7.27 (2H. m). and 7.51 (1H. d. J = 
8.6 Hz); Oc (62.9 MHz; CDCI3) (major diastereomer) 15.87 (CH 3). 20.66 (CH3). 
22.02 (CH 3). 23.16 (CH2). 25.57 (CH). 31.39 (CH). 32.75 (NCH3). 33.93 (NCH3). 
34.25 (CH2). 40.69 (CH2). 41.91 (CH). 47.12 (CH). 74.02 (CH). 106.67 (CH). 
107.99 (CH). 109.20 (CH). 111.52 (C). 119.10 (CH). 121.69 (CH). 122.24 (CH). 
126.98 (C). 128.10 (CH). 129.11 (C). 137.11 (C). 138.05 (C). and 171.48 (ester C); 
(minor diastereomer) 16.00 (CH3). 20.66 (CH3). 22.02 (CH3). 23.16 (CH2). 25.85 
(CH). 31.39 (CH). 32.75 (NCH3). 33.93 (NCH3). 34.25 (CH2). 40.53 (CH2). 41.69 
(CH). 47.12 (CH). 74.02 (CH). 106.67 (CH). 107.99 (CH). 109.20 (CH). 111.52 (C). 
119.10 (CH). 119.10 (CH). 121.69 (CH). 122.24 (CH). 126.98 (C). 128.10 (CH). 
129.11 (C). 137.11 (C). 138.05 (C). and 171.61 (ester C); Found: M +. 406.2631 
C26H34N202 requires 406.2620. 
(-)-Me nthyl (N-benzyl-2-ayrro Iyl)-(N-m ethyl-3-i ndolyl )acetate 
Procedure 2 
Me 
Trimethylsllyl triflate (0.158 g. 0.7 mmol) was added dropwise to a solution of (-)-
menthyl (N-benzyl-2-pyrrolyl)hydroxyacetate (142) (0.165 g. 0.54 mmol) and 
freshly distilled N-methylindole (0.196 g. 1.5 mmol) in dichloromethane (20 cm3) at 
-840 C (m.p. of ethyl acetate). After 1.0 hour at -840 C. the solution was treated 
with a saturated aqueous solution of sodium hydrogen carbonate (20 cm3). 
extracted with dichloromethane (3x30 cm 3). dried (MgS04). and the solvent 
evaporated. Chromatography on silica gel with diethyl ether-light petroleum (1 :9) 
gave (-I-menthyl (N-benzy/-2-pvrro/vll-(N-methy/-3-indo/vllacetate (0.176 g. 82%). 
experimental data as for procedyre 1 except the opposite diastereomer was 
formed as the major product in 5.5 to 4.5 ratio (10% de). 
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Triaryl Compound ~ 
(183) 
COzMe COzMe 
Tin tetrachloride (0.261 g. 1.0 mmol) followed by hydrogen chloride dissolved in 
dichloromethane (0.5 cm3• 0.05 mmol) was added dropwise to a solution of methyl 
(N-methyl-3-indolyl)methoxyacetate (96) (0.233 g. 1.0 mmol) and methyl di-2-
thienylacetate (101) (0.715 g. 3.0 mmol) in dichloromethane (15 cm3) at -780 C. 
After 5 hours the solution was slowly warmed to -350 C. treated with a saturated 
aqueous solution of sodium hydrogen carbonate (20 cm3). extracted with 
dichloromethane (3x30 cm3). dried (MgS04). and the solvent evaporated. 
Chromatography on silica gel with diethyl ether-light petroleum (1 :3) gave 
compound (183) (0.075 g. 17%) as a viscous colourless oil. Vrnax I cm-1 1738 
(ester C=O); OH (250 MHz; CDCI3) 3.74 (3H. s). 3.75 (3H. s). 3.76 (3H. s). 5.36 
(1H. s). 5.41 (1H. s). 6.84-7.27 (9H. m). and 7.55 (1H. m); od62.9 MHz; CDCI~ 
32.73 (NCH3). 43.89 (CH). 47.45 (CH). 52.41 (OCH3). 52.68 (OCH 3). 109.30 (CH). 
111.46 (C). 118.90 (CH). 119.30 (CH). 121.83 (CH). 125.34 (CH). 125.48 (CH). 
125.76 (CH). 125.77 (C). 126.31 (CH). 126.53 (CH). 127.69 (CH). 136.80 (C). 
139.64 (C). 140.18 (C). 141.60 (C). 171.02 (ester C). and 172.33 (ester C); Found: 
M+. 439.0900 C23H21 NS20 4 requires 439.0912; chiral HPLC with an AGP column 
(a-glycoprotein) showed three peaks in 1:1:2 ratio (it is assumed that two of the 
four possible stereoisomers are co-eluting). which corresponds to no 
stereoselectivity in the reaction. see appendix 1 for details. 
Methyl N-11-phenylethyll-2-pyrrolyl-12.4-dimethoxyphenyllacetate 
~eo ~ OMe 1 ~ H I N ~ 
1 COzMe Ph~H (184) 
Me 
Procedure 1 
Tin tetrachloride (0.10 cm3• 1.0 mmol) followed by a solution of hydrogen chloride 
in dichloromethane (1.0 cm3• 0.1 mmol). was added dropwise to a solution of 
methyl (2,4-dimethoxyphenyl)methoxyacetate (113) (0.240 g. 1.0 mmol) and N-(1-
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phenylethyl)pyrrole (151) (0.342 g. 2.0 mmol) in dichloromethane (15 cm3) at 
-40°C. This was warmed to O°C for 6 hours then treated with a saturated aqueous 
solution of sodium hydrogen carbonate (20 cm 3). The resultant white precipitate 
was filtered off and the product extracted with dichloromethane (3x30 cm3). dried 
(MgS04). and the solvent evaporated. Chromatography on silica gel with ethyl 
acetate-light petroleum (1:1 0) gave methyl N-(1-phenylethyll-2-pyrrolyl-f2,4-
dimethoxyphenyllacetate (184) (0.150 g. 40%) as a viscous colourless oil. The 
diastereomers were separated by crystallisation form methanol. with the major 
diastereomer being the least soluble. vmax I cm-1 1740 (ester C=O); SH (250 
MHz; CDCI3) (Note: two diastereomers were present in 4.0:5.0 ratio by integration) 
(major diastereomer) 1.78 (1 H. d. J = 7.0 Hz). 3.66 (3H. s). 3.72 (3H. s). 3.77 (3H. 
s). 5.27 (1 H. q. J = 7.0 Hz). 5.29 (1 H. s). 6.03 (1 H. m). 6.15 (1 H. t). 6.31 (1 H. m). 
6.44 (1 H. s). and 6.73-7.29 (7H. m); Se {62.9 MHz; CDCI~ (major diastereomer) 
22.50 (CH3). 42.09 (CH). 52.18 (OCH3 ). 54.58 (CH). 55.34 (2 x OCH3). 98.18 
(CH). 104.32 (CH). 107.27 (CH). 108.59 (CH). 118.49 (CH). 126.06 (2 x CH). 
126.98 (CH). 128.58 (2 x CH). 128.91 (C). 130.26 (CH). 131.30 (C). 143.56 (C). 
167.50 (C). 160.18 (C). and 173.10 (C); Found: M+. 379.1800 C23H25N04 requires 
379.1784. 
SH (250 MHz; CDCI3) (minor diastereomer) 1.59 (1 H. d. J = 7.0 Hz). 3.56 (3H. s). 
3.66 (3H. s). 3.79 (3H. s). 5.05 (1H. q. J = 7.0 Hz). 5.16 (1H. s). 6.10 (1H. m). 6.19 
(1 H. t). 6.31 (1 H. m). 6.44 (1 H. s). and 6.73-7.29 (7H. m); Sc (62.9 MHz; CDCI~ 
(minor diastereomer) 22.39 (CH3). 42.21 (CH). 52.33 (OCH3). 54.40 (CH). 55.49 
(2 x OCH 3). 98.31 (CH). 104.16 (CH). 107.29 (CH). 108.29 (CH). 118.19 (CH). 
125.77 (2 x CH). 127.21 (CH). 128.22 (2 x CH). 12888 (C). 130.11 (CH). 131.19 
(C). 142.96 (C). 167.78 (C). 160.31 (C). and 173.25 (C). 
MethVI N-( 1-oh envlethvl}-2-pvrro IVI-(2. 4-di met hoxVph e nvl} acetate 
Procedure 2 
A solution of titanium tetrachloride (1.0 cm3 • 1.0 M. 1 mmol) in dichloromethane. 
followed by a solution of hydrogen chloride in dichloromethane (1.0 cm3• 0.1 
mmol). was added dropwise to a solution of methyl {2.4-
dimethoxyphenyl)methoxyacetate (113) (0.240 g. 1.0 mmol) and {R)-N-
(phenylethyl)pyrrole (151) (0.342 g. 2.0 mmol) in dichloromethane (15 cm3) at -
78°C. This was warmed to 20°C for 2 hours then treated with a saturated aqueous 
solution of sodium hydrogen carbonate (20 cm3). The resultant white precipitate 
was filtered off and the product extracted with dichloromethane (3x30 cm3). dried 
177 
(MgS04), and the solvent evaporated. Chromatography on silica gel with ethyl 
acetate-light petroleum (1:10) gave methyl N-f1-phenylethyll-2-pyrrolyl-(2,4-
dimethoxvohenyllacetate (184) (0.103 g, 27%), lH NMR data as for procedure 1 
except than the ratio of diastereomers was 10:11 (5% de). 
Methyl N-' 1-phenylet hyf)-2-pyrro lyl-'2 A-dj methoxyphe nyl) acetate 
Procedure 3 
lodotrimethylsilane (0.156 cm3 , 1.1 mmol), followed by a solution of hydrogen 
chloride in dichloromethane (1.0 cm3, 0.1 M), was added dropwise to a solution of 
methyl (2,4-dimethoxyphenyl)methoxyacetate (113) (0.240 g, 1.0 mmol) and (R)-
N-(phenylethyl)pyrrole (151) (0.342 g, 2.0 mmol) in acetonitrile (10 cm3) at -450 C. 
This was warmed to -40°C for 24 hours, after which time, the reaction was judged 
to be complete by TLC analysis. The solution was treated with a saturated 
aqueous solution of sodium hydrogen carbonate (20 cm3 ), extracted with 
dichloromethane (3x30 cm3), dried (MgS04), and the solvent evaporated. 
Chromatography on silica gel with ethyl acetate-light petroleum (1 :7) gave methy{ 
N-(1-phenylethyll-2-pyrrolyl-(2.4-dimethoxyphenyllacetate (184) (0.236 g, 62%), 
lH NMR data as for procedure 1 except than the ratio of diastereomers was 9:15 
(25% de). 
Methyl !:/;(1-phenylethyl)-2-pyuolyl-(N-methyl-3-jndolyl)acetate 
Zinc chloride (0.273 g, 2.0 mmol) dissolved in tetrahydrofuran (10 cm3) followed by 
a solution of hydrogen chloride in tetrahydrofuran (0.02 cm3 , 10 M), was added 
dropwise by means of a syringe to a stirred solution of methyl (N-methyl-3-
indolyl)methoxyacetate (96) (0.467 g, 2.0 mmol) and N-(phenylethyl)pyrrole (151) 
(0.686 g, 4 mmol) in tetrahydrofuran (10 cm3) at -78°C. After 1 hour, a saturated 
aqueous solution of sodium hydrogen carbonate was then added and the products 
extracted into with dichloromethane (3 x 30 cm3), dried (MgS04), concentrated in 
vacuo, and purified by flash chromatography on silica gel eluting with diethyl ether-
light petroleum (1.5 : 8.5) to afford methyl N-(f-phenylethyll-2-pyrrolyl-(N-methyl-
3-indolyllacetate (185) (0.682 g, 92%, as a 3:1 mixture of diastereomers). 
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Recrystallisation from dichloromethane-light petroleum (b.p. 40-60°C) gave the 
major (R.R) diastereomer. m.p. 139-140°C. [a1025 (CHCI3) = +2°; Found: C. 76.85; 
H. 6.62; N. 7.51%. C24H24N202 requires C. 77.39; H. 6.50; N. 7.52%; vmax I cm·1 
1738 (ester C=O); OH (400 MHz; CDCI3) 1.67 (3H. d. J = 7.5 Hz). 3.54 (3H. s). 
3.73 (3H. s). 5.12 (1 H. s). 5.29 (1 H. q. J = 7.5 Hz). 6.22 (1 H. t. J = 3.5 Hz). 6.31-
6.28 (1 H. m). 6.86 (1 H. s). 6.88 (1 H. m). 6.97 (2H. d. J = 8 Hz). 7.13 (1 H. dt. J = 8 
and 2 Hz). 7.34-7.23 (5H. m). and 7.51 (1 H. d. J = 8 Hz); Oc (62.9 MHz; CDCI~ 
22.70 (CH3). 32.60 (NCH3). 41.11 (CH). 52.18 (OCH3). 54.66 (CH). 107.14 (CH). 
108.26 (CH). 109.39 (CH). 111.43 (C). 118.37 (CH). 118.92 (CH). 119.31 (CH). 
121.79 (CH). 125.65 (2 x CH). 126.91 (C). 127.16 (CH). 128.25 (CH). 128.56 (2 x 
CH). 129.36 (C). 137.04 (C). 143.53 (C). and 172.30 (ester C); Found: 11+ 
372.1820. C24H24N202 requires 372.1815. The absolute stereochemistry was 
determined by X-ray crystallography. see appendix 2. 
Minor (R.S) diastereomer; oH (250 MHz; CDCI3) 1.77 (3H. d. J = 7.5 Hz). 3.62 
(3H. s). 3.70 (3H. s). 5.15 (1 H. s). 5.39 (1 H. q. J = 7.5 Hz). 6.10 (1 H. m). 6.14 (1 H. 
m). 6.79 (1H. s). 6.88 (1H. m). 7.01 (2H. d. J = 8 Hz). and 7.34-7.23 (7H. m); Oc 
(62.9 MHz; CDCI~ 22.7 (CH3). 32.6 (NCH3). 41.11 (CH). 52.43 (OCH3). 55.09 
(CH). 107.14 (CH). 108.26 (CH). 109.04 (CH). 110.59 (C). ,118.51 (CH). 119.09 
(CH). 119.31 (CH). 121.61 (CH). 125.77 (2 x CH). 126.91 (C). 127.05 (CH). 128.47 
(CH). 128.60 (2 x CH). 129.71 (C). 136.84 (C). 143.47 (C). and 172.68 (ester C). 
Methyl N-(1-phenylelhyll-2-pyrrolyl-(N-melhyl-3-indolyllacetate 
Procedure 2 
As procedure 1 except the reaction was carried out for 0.5 hours at 20°C. This 
gave the same product (185) by 1H and 13C NMR. but in 80% yield and 22% de. 
(-)-Bomyl [N-(1-phenylethyl)-2-pyrrolyl]-(N-melhyl-3-indolyl)acetate (186) 
Procedure 1 
(186) 
lodotrimethylsilane (0.193 g. 0.96 mmol). followed by a saturated solution of 
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hydrogen chloride in dichloromethane (0.8 cm3• 0.1 M). was added dropwise to a 
solution of (-)-bornyl (N-methyl-3-indolyl)hydroxyacetate (127) (0.300 g. 0.87 
mmol) and N -(I-phenylethyl)pyrrole (151) (0.301 g. 1.76 mmol) in 
dichloromethane (15 cm 3). at -780 C. After 5 hours at -780 C. the resulting brown 
solution was treated with a saturated aqueous solution of sodium hydrogen 
carbonate (30 cm3). extracted with dichloromethane (3x30 cm3). dried (MgS04). 
and the solvent evaporated. Chromatography on silica gel with diethyl ether-light 
petroleum (1:10) gave f-J-bornY/ [N-f1-phenylethvJ)-2-oyrrolyll-fN-methyl-3-
;ndolyl)acetate (186) (0.356 g. 80%). vmax I cm" 1732 (ester C=O); 5H (250 MHz; 
CDCI3 ) [Note: two diastereomers were present in 6:22 ratio (58% de) by 
integration] (majordiastereomer) 0.64 (3H. s). 0.83 (3H. s). 0.85 (3H. s). 0.92-1.80 
(6H. m). 1.63 (3H. d. J = 7.1 Hz). 2.22 (1 H. m). 3.69 (3H. s). 4.78-4.83 (1 H. m). 
5.05 (1 H. s). 5.20 (1 H. q. J = 7.1 Hz). 6.24 (1 H. t. J = 3.2 Hz). 6.37 (1 H. m). 6.77 
(1 H. s). 6.85-6.93 (3H. m). 7.06-7.31 (6H. m). and 7.47 (1 H. d. J = 7.9 Hz); (minor 
diastereomer) 0.77 (3H. s). 0.87 (3H. s). 0.88 (3H. s). 0.92-1.80 (6H. m). 1.79 (3H. 
d. J = 7.1 Hz). 2.35 (1 H. m). 3.62 (3H. s). 4.90-4.99 (1 H. m). 5.10 (1 H. s). 5.49 (1 H. 
q. J = 7.1 Hz). 6.07 (IH. m). 6.13 (IH. m). 6.85-6.93 (3H. m). 6.86 (IH. s). and 
7.06-7.31 (7H. m); 5c (62.9 MHz; CDCI~ (major diastereomer) 13.37 (CH3). 
18.84 (CH3). 19.65 (CH3). 22.58 (CH3). 26.94 (CH2). 27.91 (CH2). 32.79 (NCH 3). 
36.56 (CH 2). 41.20 (CH). 44.89 (CH). 47.78 (C). 48.83 (C). 54.59 (NCH). 80.56 
(CH). 107.04 (CH). 108.05 (CH). 109.33 (CH). 112.33 (C). 117.89 (CH). 118.78 
(CH). 119.20 (CH). 121.67 (CH). 125.51 (2 x CH). 127.13 (CH). 128.23 (CH). 
128.38 (C). 128.69 (2 x CH). 129.50 (C). 137.14 (C). 143.89 (C). and 172.23 (ester 
C); (minor diastereomer) 13.50 (CH3). 18.84 (CH3). 19.65 (CH3). 22.89 (CH3). 
27.17 (CH 2). 28.07 (CH2). 32.69 (NCH3). 36.76 (CH2). 41.36 (CH). 44.84 (CH). 
47.78 (C). 48.83 (C). 55.11 (NCH). 80.79 (CH). 107.04 (CH). 108.05 (CH). 109.12 
(CH). 112.33 (C). 118.27 (CH). 118.89 (CH). 119.02 (CH). 121.49 (CH). 125.75 (2 
x CH). 126.94 (CH). 128.23 (<?H). 128.38 (C). 128.56 (2 x CH). 129.50 (C). 133.84 
(C). 143.69 (C). and 172.48 (ester C); Found: M+. 494.2922 C33H38N20 2 requires 
494.2933. 
(-)-Bomyl [N-(1-phenylethyll-2-pyrrolylj-(N-methyl-3-jndolyllacetate um 
Procedure 2 
A solution of zinc chloride (0.089 g. 0.7 mmol) in tetrahydrofuran (3 cm3) followed 
by a saturated solution of hydrogen chloride dissolved in tetrahydrofuran (0.02 cm3• 
10 M). was added dropwise to a solution of (-)-bornyl (N -methyl-3-
indolyl)hydroxyacetate (127) (0.225 g. 0.70 mmol) and N-(phenylethyl)pyrrole 
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(151) (0.225 g, 1.4 mmol) in tetrahydrofuran (7 cm3) at -400 C. After 1.5 hours at-
400 C, the resulting brown solution was treated with a saturated aqueous solution 
of sodium hydrogen carbonate (30 cm3), extracted with dichloromethane (3x30 
cm3), dried (MgS04), and the solvent evaporated. Chromatography on silica gel 
with diethyl ether-light petroleum (1:10) gave (-I-bowyl [N-(1-pheaylethy/!-2-
pvrrolvU-(N-metbvl-3-jadolvllacetate (186) (0.356 g, 65%), 1H and 13C NMR data 
as for procedure 1 except than the ratio of diastereomers was 1.0 : 3.5 (56% de). 
(-)-BomyUtl::(1-phenylethyl)-2-pyrroIYI)-Itl::methyl-3-jndolyl)acetate !1!W 
;&0 0 ~~ 0 H~ 
<? I ~ H 
~ - N, (187) 
Me 
lodotrimethylsilane (0.080 cm3, 0.55 mmol), followed by a saturated solution of 
hydrogen chloride in tetrahydrofuran (0.01 cm3, 10 M), was added dropwise to a 
solution of (-)-bornyl (N-methyl-3-indolyl)methoxyacetate (126) (0.176 g, 0.49 
mmol) and (S)-N-(1-phenylethyl)pyrrole (152) (0.169 g, 0.988 mmol) in 
tetrahydrofuran (10 cm3) at -780 C. After 3 hours at -780 C, the resulting brown 
solution was treated with a saturated aqueous solution of sodium hydrogen 
carbonate (30 cm3), extracted with dichloromethane (3x30 cm3), dried (MgS04), 
and the solvent evaporated. Chromatography on silica gel with diethyl ether-light 
p etro leu m (1 : 1 0 ) gave (-J-borayl fN-(1-pheaylethyll-2-pvrrolyll-(N-methyl-3-
jadolyllacetate (187) (0.153 g, 63%), vmax I cm-1 1730 (ester C=O): BH (250 MHz: 
CDCI3) [Note: two diastereomers were present in 1.0 : 2.3 ratio (39% de) by 
integration) (majordiastereomer) 0.71 (3H, s), 0.80 (3H, s), 0.82 (3H, s), 0.82-1.25 
(2H, m), 1.55-1.96 (4H, m), 1.64 (3H, d, J = 7.1 Hz), 2.24 (1H, m), 3.70 (3H, s), 
4.75-4.80 (1 H, m), 5.05 (1 H, s), 5.21 (1 H, q, J = 7.1 Hz), 6.24 (1 H, t, J = 3.2 Hz), 
6.32 (1 H, m), 6.77 (1 H, s), 6.86-6.93 (3H, m), 7.05-7.29 (6H, m), and 7.44 (1 H, d, J 
= 7.9 Hz): (minor diastereomer) 0.80 (3H, s), 0.86 (3H, s), 0.88 (3H, s), 0.82-1.80 
(6H, m), 1.79 (3H, d, J = 7.1 Hz), 2.33 (1 H, m), 3.63 (3H, s), 4.87-4.93 (1 H, m), 
5.12 (1 H, s), 5.50 (1 H, q, J = 7.1 Hz), 6.11 (1 H, m), 6.15 (1 H, m), 6.85-6.93 (4H, 
m), and 7.06-7.31 (6H, m): Bc (62.9 MHz: CDCI3) (major diastereomer) 13.46 
(CH3), 18.79 (CH3), 19.63 (CH3), 22.56 (CH3), 26.90 (CH2), 27.75 (CH2), 32.77 
(NCH3), 36.30 (CH2), 41.13 (CH), 44.73 (CH), 47.80 (C), 48.83 (C), 54.56 (NCH), 
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80.63 (CH). 107.03 (CH). 108.00 (CH). 109.30 (CH). 112.33 (C). 117.89 (CH). 
118.72 (CH). 119.14 (CH). 121.65 (CH). 125.47 (2 x CH). 127.13 (CH). 128.22 
(CH). 128.33 (C). 128.63 (2 x CH). 129.50 (C). 137.24 (C). 143.85 (C). and 172.23 
(ester C); (minor diastereomer) 13.60 (CH3). 18.84 (CH3). 19.68 (CH3). 22.85 
(CH3). 27.13 (CH2). 27.97 (CH2). 32.65 (NCH3). 3668 (CH2). 41.36 (CH). 44.82 
(CH). 47.88 (C). 48.93 (C). 55.05 (NCH). 80.84 (CH). 107.04 (CH). 108.05 (CH). 
109.08 (CH). 112.33 (C). 118.19 (CH). 118.85 (CH). 118.92 (CH). 121.44 (CH). 
125.75 (2 x CH). 127.08 (CH). 128.22 (CH). 128.33 (C). 128.56 (2 x CH). 129.50 
(C). 133.84 (C). 143.74 (C). and 172.88 (ester C); Found: M+. 494.2914 
C33H3SN202 requires 494.2933. 
(-)-Menthyl [ N-(1-phenylethyll-2-pyrrolyll-(f.,/-methyl-3-indolyllacetate ~ 
lodotrimethylsilane (0.185 cm3• 1.3 mmol). followed by a saturated solution of 
hydrogen chloride in diethyl ether (0.01 cm3• 4.2 M) was added dropwise to a 
solution of (-)-menthyl (N-methyl-3-indolyl)methoxyacetate (168) (0.40 g. 1.12 
mmol) and (R)-N-(phenylethyl)pyrrole (151) (0.343 g. 2.0 mmol) in tetrahydrofuran 
(10 cm3) at -78°C. After 4 hours at -78° C. the solution was treated with a 
saturated aqueous solution of sodium hydrogen carbonate (20 cm3). extracted with 
dichloromethane (3x30 cm3). dried (MgS04). and the solvent evaporated. 
Chromatography on silica gel with diethyl ether-light petroleum (1:10) gave 1± 
menthvl [N-(1-phenvlethyll-2-pyrrQlvll-fN-methyl-3-indolvllacetate (188) (0.360 g. 
65%). v max I cm-1 1734 (ester C",O); oH (250 MHz; CDCI3) [Note: two 
diastereomers were present in 9.0:16 ratio (28% de) by integration) (major 
diastereomer) 0.61 (3H. d. J '" 7.0 Hz). 0.75 (3H. d. J '" 7.0 Hz). 0.80-1.65 (8H. m). 
0.88 (3H. d. J = 7.0 Hz). 1.77 (3H. d. J '" 7.0 Hz). 1.95-2.04 (1 H. m). 3.62 (3H. s). 
4.73 (1 H. dt. J = 4.3 and 10.9 Hz). 5.05 (1 H. s). 5.42 (1 H. q. J = 7.0 Hz). 6.01 (1 H. 
m). 6.12 (1 H. t. J = 3.2 Hz). 6.84 (1 H. s). 6.86-7.26 (9H. m). and 7.46 (1 H. d. J = 
7.9 Hz); (minor diastereomer) 0.50 (3H. d. J = 7.0 Hz). 0.65 (3H. d. J = 7.0 Hz). 
0.80-1.65 (8H. m). 0.84 (3H. d. J = 7.0 Hz). 1.61 (3H. d. J = 7.0 Hz). 1.95-2.04 (1 H. 
m). 3.69 (3H. s). 4.60 (1 H. dt. J = 4.3 and 10.9 Hz). 5.01 (1 H. s). 5.20 (1 H. q. J = 
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7.0 Hz), 6.22 (1H, t, J = 3.2 Hz), 6.30 (1H, m), 6.74 (1H, s), 6.86-7.26 (9H, m), and 
7.58 (1 H, d, J = 7.9 Hz); Bc (62.9 MHz; CDCI:0 (major diastereomer) 16.04 (CH 3), 
20.71 (CH 3), 22.06 (CH3), 22.71 (CH3), 23.42 (CH2), 25.79 (CH), 31.42 (CH), 32.61 
(NCH3), 34.27 (CH2), 40.72 (CH2), 41.52 (CH), 47.13 (CH), 55.03 (NCH), 74.91 
(CH), 107.01 (CH), 107.94 (CH), 108.97 (CH), 110.68 (C), 118.23 (CH), 118.85 
(CH), 119.05 (CH), 121.47 (CH), 125.75 (2 x CH), 127.04 (CH), 127.61 (C), 128.11 
(CH), 128.53 (2 x CH), 130.31 (C), 136.84 (C), 143.76 (C), and 171.43 (ester C); 
(minor diastereomer) 16.04 (CH3), 20.58 (CH3), 22.00 (CH3), 22.51 (CH3),23.24 
(CH2), 25.48 (CH), 31.35 (CH), 32.72 (NCH3), 34.27 (CH2), 40.59 (CH2), 41.60 
(CH), 47.05 (CH), 54.39 (NCH), 74.94 (CH), 107.04 (CH), 107.94 (CH), 109.09 
(CH), 110.68 (C), 117.94 (CH), 118.87 (CH), 119.14 (CH), 121.65 (CH), 125.54 (2 
x CH), 127.04 (CH), 127.61 (C), 128.28 (CH), 128.50 (2 x CH), 130.31 (C),137.04 
(C), 143.71 (C), and 171.12 (ester C); Found: M+, 496.3090 C33H4QN20 2 requires 
496.3139. 
(-)-Menthyl [N-C1-phenylethyl)-2-pyrrolyll-(N-methyl-3-indolyllacetate U.!!ID 
lodotrimethylsilane (0.064 cm3, 0.45 mmol), followed by a saturated solution of 
hydrogen chloride in diethyl ether (0.01 cm3 , 4.2 M), was added dropwise to a 
solution of (-)-menthyl (N-methyl-3-indolyl)methoxyacetate (168) (0.15 g, 0.42 
mmol) and (S)-N-(phenylethyl)pyrrole (152) (0.144 g, 0.84 mmol) in 
tetrahydrofuran (10 cm3) at -780 C. After 3 hours at -780 C, the solution was 
treated With a saturated aqueous solution of sodium hydrogen carbonate (20 cm3), 
extracted with dichloromethane (3x30 cm3), dried (MgS04), and the solvent 
evaporated. Chromatography on silica gel with diethyl ether-light petroleum (1 :10) 
gave (- '-menthyl {N-{1-phenylethyll-2-pvrrolyll-(N-methyl-3-indolyllacetate (189) 
(0.153 g, 74%), Vmax I cm-1 1734 (ester C=O); liH (250 MHz; CDCI3) [Note: two 
diastereomers were present in 1.0:8.0 ratio (78% de) by integration) (major 
diastereomer) 0.56 (3H, d, J = 7.0 Hz), 0.73 (3H, d, J = 7.0 Hz), 0.75-1.95 (9H, m), 
0.81 (3H, d, J = 7.0 Hz), 1.65 (3H, d, J = 7.0 Hz), 3.70 (3H, s), 4.56 (1H, dt, J = 4.3 
and 10.9 Hz), 5.04 (1 H, s), 5.25 (1 H, q, J = 7.0 Hz), 6 22 (1 H, t, J = 3.0 Hz), 6.28 
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(1 H. m). 6.80 (1 H. s). 6.84 (1 H. t. J = 3.0 Hz). 6.91-7.27 (8H. m). and 7.41 (1 H. d. J 
= 7.9 Hz); (minor diastereomer) 0.66 (3H. d. J = 7.0 Hz). 0.78 (3H. d. J = 7.0 Hz). 
0.75-1.95 (9H. m). 0.84 (3H. d. J = 7.0 Hz). 1.77 (3H. d. J = 7.0 Hz). 3.62 (3H. s). 
4.70 (1H. dt. J = 4.3 and 10.9 Hz). 5.09 (1H. s). 5.42 (1H. q. J = 7.0 Hz). 6.04 (1H. 
m). 6.11 (1 H. m). 6.91-7.27 (10H. m). and 7.60 (1 H. d. J = 7.9 Hz); Oc (62.9 MHz; 
CDCI~ (majordiastereomer) 16.04 (CH3). 20.71 (CH3). 22.06 (CH3). 22.71 (CH3). 
23.42 (CH2). 25.79 (CH). 31.42 (CH). 32.61 (NCH3). 34.27 (CH2). 40.72 (CH2). 
41.52 (CH). 47.13 (CH). 55.03 (NCH). 74.91 (CH). 107.01 (CH). 107.94 (CH). 
108.97 (CH). 110.68 (C). 118.23 (CH). 118.85 (CH). 119.05 (CH). 121.47 (CH). 
125.75 (2 x CH). 127.04 (CH). 127.61 (C). 128.11 (CH). 128.53 (2 x CH). 130.31 
(C). 136.84 (C). 143.76 (C). and 171.43 (ester C); (minor diastereomer) 16.04 
(CH3). 20.58 (CH3). 22.00 (CH3). 22.51 (CH3). 23.24 (CH2). 25.48 (CH). 31.35 
(CH). 32.72 (NCH3). 34.~7 (CH2). 40.59 (CH2). 41.60 (CH). 47.05 (CH). 54.39 
(NCH). 74.94 (CH). 107.04 (CH). 107.94 (CH). 109.09 (CH). 110.68 (C). 117.94 
(CH). 118.87 (CH). 119.14 (CH). 121.65 (CH). 125.54 (2 x CH). 127.04 (CH). 
127.61 (C). 128.28 (CH). 128.50 (2 x CH). 130.31 (C). 137.04 (C). 143.71 (C). and 
171.12 (ester C); Found: M+. 496.3090 C33H40N20 2 requires 496.3139. 
Methyl N-11-phenylethyll-2-pyrrolyl-(N-methyl-3-indolyllacetate (185) 
Procedure 3 and 
!Bl:Methyl !N-(1-phenylethyl)-2-pyrrolyl] acetate (194} 
N 
1 C02Me Ph~H 
Me (185) 
n COMe 'N~ 2 
Ph~H 
Me (194) 
lodotrimethylsilane (0.070 cm3 • 0.50 mmol). followed by a saturated solution of 
hydrogen chloride in diethyl ether (0.01 cm3 • 4.2 M). was added dropwise to a 
solution of methyl [N-(1-phenylethyl)-2-pyrrolyl]methoxyacetate (170) (0.10 g. 0.37 
mmol. 1.0 : 2.7 mixture of diastereomers) and N-methylindole (0.096 g. 0.73 
mmol) in dichloromethane (10 cm3) at -780 C. After 4 hours at -780 C. the solution 
was treated with a saturated aqueous solution of sodium hydrogen carbonate (20 
cm3). extracted with dichloromethane (3x30 cm3). dried (MgS04). and the solvent 
evaporated. Chromatography on silica gel with diethyl ether-light petroleum (1 :10) 
gave CR1-methyl rN-f1-phenylethyll-2-pvrrQ/Yllacetate (194) (0.017 g. 19%) as a 
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colourless oil and methyl N-fl-ohenylethYI!-2-pyrroIYI-fN-methyl-3-indoIYl!acetate 
(185) (0.087 g. 59%). m.p. 139-140°C; liH (250 MHz; CDCI3) as for procedure 1 
except that the ratio of the (R.R) to (R.S) diastereomers was 40:1 (95% de). 
MethYl fN-(1-phenylethyl!pyrrolyllacetate (194). v max I cm" 1737 (ester C=O); Ii H 
(250 MHz; CDCI3) 1.80 (3H. d. J = 7.0 Hz). 3.50 (2H. dd). 3.55 (3H. s). 5.39 (1 H. 
q. J = 7.0 Hz). 6.10 (lH. m). 6.18 (lH. m). 6.85 (lH. m). 6.98 (2H. m). and 7.21-
7.31 (3H. m); lic (62.9 MHz; CDCI~ 22.62 (CH3). 32.68 (CH2). 52.02 (OCH 3). 
54.99 (CH). 107.35 (CH). 109.25 (CH). 118.54 (CH). 124.95 (C). 125.67 (2 x CH). 
127.25 (CH). 128.66 (2 x CH). 143.39 (C). and 171.21 (ester C); Found: M+. 
243.1260 C,sH 17N02 requires 243.1259. 
Methyl N-(1-phenylethyll-2-pyrrolyl-IN-methyl-3-indolyl)acetate (185) 
procedure 4 
lodotrimethylsilane (0.066 cm3• 0.47 mmol). followed by a saturated solution of 
hydrogen chloride in dichloromethane (0.5 cm3• 0.1 M). was added dropwise to a 
solution of the methyl [N-(l-phenylethyl)pyrrolyljmethoxyacetate (170a) [0.085 g. 
0.31 mmol. purified major (R.S) diastereomerj and N-methylindole (0.082 g. 0.62 
mmol) in dichloromethane (10 cm3) at -78° C. After 6 hours at -64° C. the solution 
was treated with a saturated aqueous solution of sodium hydrogen carbonate (20 
cm3). extracted with dichloromethane (3x20 cm3). dried (MgS04). and the solvent 
evaporated. Chromatography on silica gel with diethyl ether-light petroleum (1 :10) 
gave (RI-methyl fN-(1-phenylethyl!pyrro/vUacetate (not isolated) and methyl N-C1-
phenylethYlI-2-pyrrolyl-fN-methyl-3-indolyl!acetate (185) (0.068 g. 59%). m.p. 
139-140°C; liH (250 MHz; CDCI3) as for procedure 1 except that the ratio of the 
(R.R) to (R.S) diastereomers was 40:1 (95% de). 
Methyl N-(1-phenylethyll-2-pyrrolyl-1 N-methyl-3-indolyllacetate (185) 
Procedure 5 
lodotrimethylsilane (0.020 cm3 • 0.15 mmol). followed by a saturated solution of 
hydrogen chloride in dichloromethane (0.1 cm3• 0.1 M). was added dropwise to a 
solution of the methyl [N-(1-phenylethyl)-2-pyrrolyljmethoxyacetate (170b) [0.024 
g. 0.088 mmol. purified minor (R.R) diastereomerj and N-methylindole (0.026 g. 
0.20 mmol) in dichloromethane (10 cm3) at -64° C. After 6 hours at -64° C. the 
solution was treated with a saturated aqueous solution of sodium hydrogen 
carbonate (20 cm3). extracted with dichloromethane (3x20 cm3). dried (MgS04). 
185 
and the solvent evaporated. Chromatography on silica gel with diethyl ether-light 
petroleum (1 :10) gave methyl rN-(ohenylethyll-2-pYrroIYIl acetate (not isolated) 
and methyl N-(1-phenylethyll-2-pyrrolyl-(N-methyl-3-indolyllacetate (185) (0.019 
g, 58%), m p. 139-140°C; OH (250 MHz; CDCI3) as for procedure 1 except that the 
ratio of the (R,R) to (R,S) diastereomers was 40:1 (95% de). 
Methyl N-Il-phenylethy!)-2-pyrrolyl-IN-methyl-3-jndolyllacetate (185) 
Procedure 6 
Trimethylsilyl triflate (0.36 cm3, 2.0 mmol), followed by a saturated solution of 
hydrogen chloride in dichloromethane (0.15 cm3, 0.1 M) was added dropwise to a 
solution of the (S)-methyl [N -(1-phenylethyl)-2-pyrrolyljhydroxyacetate (144) 
(0.388 g, 1.5 mmol, 1:2 mixture of diastereomers) and N-methylindole (0.394 g, 
3.0 mmol) in dichloromethane (20 cm3) at -640 C. After 1 hour at -64° C, the 
solution was treated with a saturated aqueous solution of sodium hydrogen 
carbonate (20 cm3), extracted with dichloromethane (3x20 cm3), dried (MgS04), 
and the solvent evaporated. Chromatography on silica gel with diethyl ether-light 
petroleum (1:10) gave methyl N-(1-phenylethyll-2-pyrrolyl-(N-methvl-3-
indolyl!acetate (185) (0.548 g, 98%), m.p. 139-140°C; [ajD2S = _2° (CHCI3); OH 
(250 MHz; CDCI3) as for procedure 1 except that the ratio of the (S,S) to (S,R) 
diastereomers was 40:1 (95% de). 
Methyl N-(1-phenylethyl)-2-pyrrolyl-IN-methyl-3-indolyllacetate - Procedure 7 
Methyl [N-Il-phenylethyll-2-pyrrolylj acetate - Procedure 2 
n COMe 'N~ 2 
Ph~H 
Me (194) 
lodotrimethylsilane (0.070 cm3 , 0.50 mmol), followed by a saturated solution of 
hydrogen chloride in diethyl ether (0.03 cm3 , 4.2 M) was added dropwise to a 
solution of methyl [N-(1-phenylethyl)-2-pyrrolyljmethoxyacetate (170) (0.10 g, 0.37 
mmol, 1.0 : 2.7 mixture of diastereomers) and N-methylindole (0.096 g, 0.73 
mmol) in tetrahydrofuran (5 cm3) at -780 C. After 5 hours at -780 C, the solution 
was treated with a saturated aqueous solution of sodium hydrogen carbonate (20 
cm 3), extracted with dichloromethane (3x20 cm3), dried (MgS04), and the solvent 
evaporated. Chromatography on silica gel with dichloromethane-Iight petroleum 
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(1 :5) gave methyl [N-(1-ohenylethy/!-2-pyrrolyll acetate (194) (0.037 g, 41%, 68% 
based on recovered starting matenal) and methyl N-(1-phenylethy/!-2-pyrrolyl-(N-
metbvl-3-jndo/y/!acetate (185) (0.025 g, 18%), m.p. 139-140°C; liH (250 MHz; 
CDCI3) as for procedure 1 except that the ratio of the (R,R) to (R,S) diastereomers 
was 15:1 (87% de). Unreacted starting material (170) was recovered (0.040 g, 
40%) as a 1.0 : 5.5 mixture of (R,R) and (R,S) diastereomers by proton NMR. 
Mf1!l)1.lt-(1-ph e nylethyll-3-pyrro Iyl-! ttm ethyl-3-i ndolyllacetate (192) 
Methyl [N-(1-phenylethyl)-3-pyrrolyl]acetate (193) 
N 
PhJ.... H 
Me 
OC02Me 
N 
Ph~H 
Me (193) 
lodotrimethylsilane (0.142 cm3 , 1.0 mmol), followed by a saturated solution of 
hydrogen chloride in tetrahydrofuran (0.01 cm 3, 10 M), was added dropwise to a 
solution of methyl [N -(1-phenylethyl)-2-pyrrolyllmethoxyacetate (0.25 g, 0.92 
mmol) and N-methylindole (0.240 g, 1.84 mmol) in tetrahydrofuran (10 cm3) at -
78° c. After 2 hours at -78° C, the solution was treated with a saturated aqueous 
solution of sodium hydrogen carbonate (20 cm3), extracted with dichloromethane 
(3x20 cm3), dried (MgS04), and the solvent evaporated. Chromatography on silica 
gel with diethyl ether-light petroleum (1 :10) gave methyl [N-(1-phenylethy/!-3-
pyrrolyllacetate (193) (0.067 g, 30%) as a colourless oil and methyl N-(1-
phenylethy/!-3-oyrrolyl-(N-methyl-3-indoly/!acetate (192) (0.218 g, 64%) as a 
viscous colourless oil. 
Methyl [N-(1-phenylethy/!-3-oyrrolyllacetate (193), vmax I cm·' 1739 (ester C=O); 
liH (250 MHz; CDCI3) 1.78 (3H, d, J = 7.0 Hz), 3.47 (2H, s), 3.66 (3H, s), 5.18 (1 H, 
q, J = 7.0 Hz), 6.11 (1 H, t, J = 2.3 Hz), 6.18 (2H, d, J = 2.2 Hz), 7.07 (2H, m), and 
7.20-7.32 (3H, m); lic (62.9 MHz; CDClal 22.04 (CH3), 33.05 (CH2), 51.76 
(OCH 3), 58.14 (CH), 108.86 (CH), 115.31 (C), 118.41 (CH), 119.58 (CH), 125.89 
(2 x CH), 127.45 (CH), 128.61 (2 x CH), 143.39 (C), and 172.96; Found: M +, 
243.1260 C1sH 17N02 requires 243.1269. 
Methyl N-(1-phenylethy/!-3-pyrrolyl-fN-methyl-3-indoly/!acetate (192), v max I cm-' 
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1737 (ester C=O); liH [400 MHz; CDCI3• 5.0:6.0 diastereomer ratio (9% de) 
determined by integration] (majordiastereomer) 1.82 (3H. d. J = 4.4 Hz). 3.74 (3H. 
s). 3.75 (3H. s). 5.22 (1 H. s). 5.23 (1 H. q. J = 4.4 Hz). 6.26 (1 H. m). 6.72 (1 H. m). 
6.79 (1 H. m). 7.05 (1 H. s). 7.10-7.15 (3H. m). 7.22-7.35 (5H. m). 7.34-7.23 (5H. m). 
and 7.63 (1 H. d. J = 5.0 Hz); (minor diastereomer) 1.83 (3H. d. J = 4.4 Hz). 3.74 
(3H. s). 3.75 (3H. s). 5.22 (1 H. s). 5.23 (1 H. q. J = 4.4 Hz). 6.26 (1 H. m). 6.72 (1 H. 
m). 6.79 (1H. m). 7.03 (1H. s). 7.10-7.15 (3H. m). 7.22-7.35 (5H. m). 7.34-7.23 (5H. 
m). and 7.64 (1H. d. J = 5.0 Hz); lie (62.9 MHz; CDCI~ (major diastereomer) 
21.90 (CH3). 32.54 (NCH 3). 41.86 (CH). 51.91 (OCH3). 57.98 (CH). 108.07 (CH). 
109.04 (CH). 113.25 (C). 118.11 (CH). 118.80 (CH). 119.18 (CH). 119.33 (CH). 
120.65 (C). 121.38 (CH). 125.70 (2 x CH). 12686 (C). 127.20 (CH). 127.56 (CH). 
128.40 (2 x CH). 136.84 (C). 143.37 (C). and 174.16 (ester C); (minor 
diastereomer) 21.90 (CH3). 32.54 (NCH 3). 41.86 (CH). 51.91 (OCH3). 57.98 (CH). 
108.07 (CH). 109.04 (CH). 113.21 (C). 118.17 (CH). 118.80 (CH). 119.18 (CH). 
119.29 (CH). 120.65 (C). 121.38 (CH). 125.67 (2 x CH). 126.86 (C). 127.20 (CH). 
127.56 (CH). 128.40 (2 x CH). 136.84 (C). 143.43 (C). and 174.16 (ester C); 
Found: M+. 372.1820 C24H24N202 requires 372.1837. 
(5)-Methyl [N-11-phenylethyll-3-pyrrolyljacetate 
Procedure 2 
lodotrimethylsllane (0.130 cm3• 0.90 mmol). followed by a saturated solution of 
hydrogen chloride in diethyl ether (0.4 cm3• 1.0 M. 0.4 mmol). was added dropwise 
to a solution of methyl [N-(1-phenylethyl)-3-pyrrolyl]methoxyacetate (171) (0.10 
g. 0.37 mmol) in tetrahydrofuran (5 cm3) at -780 C. The resulting solution was 
warmed to -400 C for 1 hour. then treated with a saturated aqueous solution of 
sodium hydrogen carbonate (20 cm3). extracted with dichloromethane (3x20 cm3). 
dried (MgS04). and the solvent evaporated. Chromatography on silica gel with 
diethyl ether-light petroleum (1:10) gave methyl {N-(1-phenylethyl)-3-
pyrrolyl]acetate (193) (0.017 g. 19%) as a colourless oil; infrared and proton NMR 
spectra as for procedure 1. 
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Methyl [N-(1-phenylethyll-3-pyrrolyljacetate (193) 
Procedure 3 
A solution of samarium (11) iodide (18 cm3, 0.1 M, 1.8 mmol) in tetrahydrofuran was 
added dropwise to a solution of methyl [N -(1-phenylethyl)-3-
pyrrolyljmethoxyacetate (0.10 g, 0.37 mmol), methanol (0.013 g, 0.4 mmol) 
dissolved in tetrahydrofuran (5 cm3), and hexamethylphosphoramide (2 cm3) in a 
dry flask with a nitrogen atmosphere. The resulting solution was stirred for 24 hour 
after which time the blue colour faded and a white precipitate formed. This mixture 
was treated with a saturated aqueous solution of sodium hydrogen carbonate (20 
cm 3), extracted with diethyl ether (80 cm3), and washed with water (5 x 10 cm3), 
dried (MgS04), and the solvent evaporated. Kugelrohr distillation (125°C at 0.2 
mmHg) gave methvl fN-f1-phenvlethyll-3-pyrrolyll acetate (193) (0.081 g, 91%) 
as a colourless oil; infrared and proton NMR spectra as for procedure 1. 
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6.5 Experimental for Chapter 5 
PyrophospholYl Chloride111.114 
o 0 
.. .. 
CI .... ~ .. O'~ .. CI 
Cl Cl 
Methanol (19.3 g, 0.6 mol) was added dropwise to cold (ice bath) phosphoryl 
chloride (460 g, 3 mol) and the mixture was then heated under reflux for 21 days. 
The excess of phosphoryl chloride was distilled off under reduced pressure (ca. 
20 mmHg) and the residue distilled (Kugelrohr) to afford pyrophosphoryl chloride 
(73.6 g, 49%), bp. 60-65° C at 0.1 mm Hg, lit. 111 105°C at 18 mmHg; vmax' cm,1 
1312 (P=O), 972, and 708 (P·O), IIt.111 1316,966, and 704; 8p (C03CN) -6.74 
(2P, s). 
4.N,N·Oimethylaminobenzaldehyde85 
~CHO 
,;V Me2N 
Pyrophosphoryl chloride (2.266 g, 9.0 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N,N·dlmethylformamide (1.097 g, 15.0 mmol) and N,N· 
dimethylaniline (0.909 g, 7.5 mmol) to give a thick green syrup. The mixture was 
then heated at 65° C for 15 hours and cooled. The resultant green solid was 
dissolved in water then basified with an aqueous solution of sodium hydroxide (2M) 
to give a yellow solid. Sublimation (Kugelrohr) (140-150° C at 0.6 mm Hg) gave 
4-N,N·dimethylaminobenzaldehyde (1.109 g, 99%), m.p. 73.75° C lit. 85 72.73° C, 
Vmax I cm,11656 (C=O); 8H(250 MHz; COCI3) 3.06 (6H, s), 6.67 (2H, d, J = 9.0 Hz), 
7.71 (2H, d, J = 9.0 Hz), and 9.72 (1H, s); 80<62.9 MHz; COCI3) 40.01 (2 x NCH3), 
110.96 (2 x CH), 125.07 (C), 131.92 (2 x CH), 154.31 (C), and 190.22 (CHO); 
Found: M+, 149.0826 calc. for C9H11 NO 149.0841. 
2,4.Pimethoxybenzaldehyde 117 
£rCHO Ih MeO OMe 
Pyrophosphoryl chloride (0.554 g, 2.2 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N,N·dimethylformamide (0.161 g, 2.2 mmol) and meta· 
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dimethoxybenzene (0.276 g. 2.0 mmol). The resulting syrup was then heated at 
100° C for 4 hours. The cold product was then basified with an aqueous solution of 
sodium hydroxide (2M) and extracted with dichloromethane. The solution was 
dried (MgS04 ) and concentrated. Kugelrohr distillation gave 2.4-
dimethoxybenzaldehyde (0.333 g. 99%) as a white crystaline solid. m.p. 69-70°C 
lit. 117 68-70°C; b.p. 110° C at 0.3 mmHg lit.117•121 165° Cat 10 mm Hg and 110°C 
at 0.1 mmHg; vmax I cm-11673 (C=O); 0H(250 MHz; CDCI3) 3.86 (3H. s). 3.88 
(3H. s). 6.43 (1 H, d. J = 2.2 Hz). 6.52 (1 H. dd. J = 8.5 and 2.2 Hz). 7.78 (1 H. d. J = 
8.5Hz). and 10.27 (1 H. s); oc(62.9 MHz; CDCI3) 55.59 (OCH3). 55.62 (OCH 3). 
97.86 (CH). 105.90 (CH). 119.00 (C). 130.60 (CH). 163.65 (C). 166.26 (C). and 
188.26 (CHO); Found: M+. 166.0626 calc. for C9H100 3 166.0630. 
2.5-Dimethoxybenzaldehyde 117.118 
MeO~CHO 
VJ...oMe 
Pyrophosphoryl chloride (1.889 g. 7.5 mmol) was added dropwise to a stirred 
mixture of cold (Ice bath) N.N-dimethylformamide (0.731 g. 10.0 mmol) and para-
dimethoxybenzene (0.691 g. 5.0 mmol). The resulting syrup was then heated at 
100°C for 48 hours. The cold product was then basified with an aqueous solution 
of sodium hydroxide (2M) and extracted with dichloromethane. The solution was 
dried (MgS04 ) and concentrated. Kugelrohr distillation gave 2,5-
dimethoxybenzaldehyde (0.332 g. 40%). m.p. 50-51°C lit.117.118 49-52°C; b.p. 
80° C at 0.1 mm Hg; vmax I cm-1 16n (C=O); 0H(250 MHz; CDCI3) 3.80 (3H. s). 
3.88 (3H. s). 6.94 (1 H. d. J = 9.0 Hz). 7.14 (1 H. dd. J = 3.3 and 9.0 Hz), 7.34 (1 H. 
d. J = 3.3Hz). and 10.44 (1H. s); od62.9 MHz; CDCI3) 55.80 (OCH3). 55.80 
(OCH3). 110.35 (CH). 113.14 (CH). 123.80 (CH). 124.78 (C). 153.87 (C). 156.89 
(C). and 190.16 (CHO); Found:M+.166.0624calc. forCgH100 3 166.0630. 
3.4-Djmethoxybenzaldehyde 117.129 
procedure 1 
MeO~CHO 
Meo~ 
Pyrophosphoryl chloride (2.60 g. 9.0 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N-methylformanilide (1.21 g. 9.0 mmol) and ortho-
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dimethoxybenzene (1.00 g, 7.24 mmol). The resulting syrup was then heated at 
115°C for 1 hour then at 100° C for 18 hours. The cold product was then baslfied 
with an aqueous solution of sodium hydroxide (2M) and extracted with 
dichloromethane. The solution was dried (MgS04) and concentrated. Flash 
chromatography with ethyl acetate-petroleum ether (b.p. 40-60°C) (3:7) gave 3,4-
dimethoxybenzaldehyde (1.00 g, 83%), m.p. 42-44°C 1it.117,121 39-42°C and 42-
45°C respectively; vmax / cm-1 1682 (C=O); SH(250 MHz; CDCI3) 3.81 (3H, s), 3.83 
(3H, s), 6.85 (1 H, d, J = 8.0 Hz), 7.27 (1 H, d, J = 1.9 Hz), 7.33 (1 H, dd, J = 1.9 and 
8.0 Hz), and 9.70 (1H, s); Sd62.9 MHz; CDCI3) 55.97 (OCH3), 56.16 (OCH3), 
108.92 (C H), 110.41 (CH), 126.89 (CH), 130.11 (C), 149.60 (C), 154.49 (C), and 
190.90 (CHO); Found: M+, 1660608 calc. for C9H100 3 166.0630. 
Procedure 2 
Pyrophosphoryl chloride (2.60 g, 9.0 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N,N-dimethylformamide (1.21 g, 9.0 mmol) and ortho-
dimethoxybenzene (1.00 g, 7.24 mmol). The resulting syrup was then heated at 
95° C for 24 hours. The cold product was then basified with an aqueous solution of 
sodium hydroxide (2M) and extracted with dichloromethane. The solution was 
dried (MgS04) and concentrated. Flash chromatography with ethyl acetate-
petroleum ether (b p. 40-60°C) (3:7) gave 3,4-dimethoxybenzaldehyde (0.63 g, 
52%), m.p. 42-44°C lit.121 42-45°C, spectral data were as for procedure 1. 
2,4-0ihydroxybenzaldehyde 124.129 
~CHO 
HO~OH 
Pyrophosphoryl chloride (2.0 g, 7.96 mmol) was added dropwise to N,N-
dimethylformamide (1.2 g, 16.4 mmol) at O°C and the resulting syrup was stirred at 
20° C for 30 minutes. Resorcinol (0.8 g, 7.27 mmol) was added to the cooled (ice 
bath) syrup and the mixture stirred at 20° C for 5 hours. The mix1ure was basified 
with an aqueous solution of sodium acetate, extracted into diethyl ether, dried 
(MgS04), and the solvent evaporated to give 2,4-dihydroxybenzaldehyde (0.88 g, 
88%), m.p. 135°C lit.121.124 135°C; vmax /cm-1 3558 (O-H). 3297 (O-H). and 1660 
(C=O); SH(250 MHz; CDCI3) 6.41 (1 H, d, J = 2.1 Hz), 6.49 (1 H, dd, J = 2.1 and 8.5 
Hz), 7.35 (1 H, d, J = 8.5 Hz), 9.57 (1 H, broad O-H), 9.66 (1 H, s), and 11.42 (1 H, s); 
Sd62.9 MHz; CDCI3) 102.88 (CH), 109.27 (CH), 114.60 (C), 135.86 (CH), 164.44 
(C), 165.83 (C), and 194.08 (CHO); Found: M+, 138.0314 calc. for C9H100 3 
138.0316. 
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2- and 4- Anisaldehyde83.121 
Procedure 1 
~CHO 
Meo.-v 
~CHO 
VJ... oMe 
Pyrophosphoryl chloride (3.273 g, 13 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N-methylformanilide (2.028 g, 15.0 mmol) and anisole 
(1.081 g, 10.0 mmol). The resulting syrup was then heated at 100° C for 24 hours. 
The cold product was then basified with an aqueous solution of sodium hydroxide 
(2M) and extracted with dichloromethane. The solution was dried (MgS04) and 
concentrated. Flash chromatography with diethyl ether-petroleum ether (b.p. 40°-
60° C) (1 :10) as the eluentgave a mixture of 2-anisaldehyde and 4-anisaldehyde 
(1.001 g, 72%) in 72:1 ratio by lH NMR integration. 
2-Anisaldehyde,121 vmax I cm·11689 (C=O); 0H(250 MHz; CDCI3) 3.88 (3H, s), 
6.94-7.01 (2H, m), 7.48-7.55 (lH, m), 7.77-7.81 (lH, m), and 10.44 (lH, s); 
od62.9 MHz; CDCI3) 55.59 (CH3), 111.72 (CH), 120.60 (CH), 124.74 (C), 128.33 
(CH), 136.06 (CH), 161.86 (C), and 189.75 (CHO). 
4-Anisaldehyde,121 vmax I cm·11691 (C=O); 0H(250 MHz; CDCI3) 3.85 (3H, s), 
6.98 (2H, d, J = 8.5 Hz), 7.82 (2H, d, J = 8.5 Hz), and 9.86 (1 H, s); od62.9 MHz; 
CDCI3) 55.55 (CH3), 114.33 (2 x CH), 129.92 (C), 131.96 (2 x CH), 164.64 (C), 
and 190.83 (CHO). 
Procedure 2 83 
Pyrophosphoryl chloride (3.273 g, 13 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N,N-dimethylformamide (1.097 g, 15.0 mmol) and 
anisole (1.081 g, 10.0 mmol). The resulting syrup was then heated at 100° C for 
24 hours. The cold product was then basified with an aqueous solution of sodium 
hydroxide (2M) and extracted with dichloromethane. The solution was dried 
(MgS04 ) and concentrated. Kugelrohr distillation gave a mixture of 4-
anisaldehyde and 2-anisaldehyde (1.001 g, 75%), b.p. 40°-50° C at 0.05 mm Hg 
in 94:6 ratio by lH NMR integration, spectral data were as for procedure 1. 
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Procedure 3 83 
Phosphoryl chloride (1.840 g. 12 mmol) was added dropwise to a stirred mixture of 
cold (ice bath) DMF (0.877 g. 12.0 mmol) and anisole (1.081 g. 10.0 mmol). The 
resulting syrup was then heated at 100° C for 24 hours. The resulting black tar 
was then basifled with an aqueous solution of sodium hydroxide (2M) and 
extracted with dlchloromethane. The solution was dried (MgSO 4) and 
concentrated. Kugelrohr distillation gave a mixture of 2-anisaldehyde and 4-
anisaldehyde (0.517 g. 38%. bp 60° C at 0.1 mm Hg) in 6:94 ratio by 1H NMR 
integration. spectral data were as for procedure 1. 
Procedure 4 83 
As procedure 3 except excess of phosphoryl chloride (9.200 g. 60 mmol) was 
used. This gave a mixture of 2-anisaldehyde and 4-anisaldehyde (0.239 g. 18%) 
in 6:94 ratio by 1H NMR integration. spectral data were as for procedure 1. 
4-Methoxy-1-naphthalenecarbaldehyde 125,129 
CHO 
o vy 
OMe 
Pyrophosphoryl chloride (1.92 g. 7.66 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N.N-dimethylformamide (0.56 g. 7.66 mmol) and 1-
methoxynaphthalene (1.00 g. 6.67 mmol), The resulting syrup was then heated at 
1000 C for 28 hours. The cold product was then basified with an aqueous solution 
of sodium hydroxide (2M) and extracted with diethyl ether. The solution was dried 
(MgSO 4) and concentrated. Flash chromatography with ethyl acetate in petroleum 
ether (b.p. 40 0 -60° C) (1 :5) as the eluent gave 4-methoxy-1-
naphthalenecarbaldehyde (1.13 g. 96%). m.p. 36°C lit.125 35-36°C; vmax I cm·1 
1678 (C=O); 0H(250 MHz; CDCI3) 3.91 (3H. s). 6.68 (1 H. d. J = 8.0 Hz). 7.05 (1 H. 
m). 7.61 (1 H. m). 7.69 (1 H. d. J = 8.0 Hz). 8.21 (1 H. d. J = 6.8 Hz). 9.25 (1 H. d. J = 
6.8 Hz). and 10.07 (1H. s); oC<62.9 MHz; CDCI3 ) 55.81 (OCH3). 102.83 (CH). 
122.34 (CH). 124.74 (CH). 125.55 (C). 126.22 (CH). 129.35 (CH). 131.69 (C). 
139.71 (CH). 160.65 (C). and 192.20 (CHO); Found: M +. 186.0645 calc. for 
C12H100 2 186.0681. 
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2-Methoxy-1-naphthalenecarbaldehyde 126.129 
CHQ 
~QMe 
~ 
Pyrophosphoryl chloride (1.92 g, 7.66 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N,N-dimethylformamide (0.56 g, 7.66 mmol) and 2-
methoxynaphthalene (1.00 g, 6.67 mmol). The resulting syrup was then heated at 
100° C for 28 hours. The cold product was then basified with an aqueous solution 
of sodium hydroxide (2M) and extracted with diethyl ether. The solution was dried 
(MgS04) and concentrated. Flash chromatography with ethyl acetate-petroleum 
ether (bp = 40° to 60° C) (1 :5) as the eluent gave 2 -methoxy-1-
naphthalenecarbaldehyde (1.06 g, 90%), m.p. 82-84°C 1it.126 82-85°C; Vrnax I cm-
1 1673 (C=O); 0H(250 MHz; CDCI3) 3.92 (3H, s), 7.14 (1 H, d, J = 9.2 Hz), 7.36 
(1 H, m), 7.56 (1 H, m), 7.69 (1 H, d, J = 8.0 Hz), 7.93 (1 H, d, J = 9.2 Hz), 9.28 (1 H, 
d, J = 8.0 Hz), and 10.90 (1H, s); 0C<62.9 MHz; CDCI3) 56.43 (OCH3), 112.46 
(CH), 116.47 (C), 124.66 (CH), 124.86 (CH), 128.24 (CH), 128.44 (C), 129.80 
(CH), 131.49 (C), 137.54 (CH), 163.89 (C), and 191.92 (CHO); Found: M +, 
186.0661 calc. forCI2Hl002186.0681. 
N..!Y:Dimethylchloromethyleneiminium chloride 127,129 
Phosphorus pentachloride (10.41 g, 50 mmol) was added portionwise to N,N-
dimethylformamide (3.66 g, 50 mmol) with cooling (ice bath). The resulting 
phosphoryl chloride was distilled off (ca 20 mm Hg) and the resultant solid 
sublimed (60-70° C, 0.01 mm Hg) to give N,N-dimethylchloromethyleneiminium 
chloride (4.16 g, 65%); 0H(250 MHz; CD3CN) 3.75 (6H, broad singlet), and 10.81 
(1 H, broad singlet). 
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N-Methyl-3-indolecarbaldehyde 
CHO 
~ ~N') 
, 
Me 
Pyrophosphoryl chloride (1.506 g. 6.0 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N.N-dimethylformamide (0.439 g. 6.0 mmol) and N-
methylindole (0.656 g. 5.0 mmol). The resulting syrup was stirred at 20°C for 1 
hour. The cold product was then baslfied with an aqueous solution of sodium 
hydroxide (2M) and extracted with dichloromethane. The solution was dried 
(MgSO 4) and concentrated. Flash chromatography with ethyl acetate-petroleum 
ether (b.p. 40°-60° C) (1 :5) as the eluent gave N-metbv/indQ/e-3-carba/debyde 
(0.780 g. 98%); Vmax I cm·' 1638 (C=O); IiH(250 MHz; CDCI3) 3.69 (3H. s). 7.25 
(3H. m). 7.49 (1 H. s). 8.25 (1 H. m). and 9.85 (1 H. s); Iic(62.9 MHz; CDCI3) 33.55 
(NCH 3). 109.99 (CH). 117.87 (C). 121.85 (CH). 122.84 (CH). 123.95 (CH). 125.14 
(C). 137.76 (C). 139.62 (CH). and 184.36 (CHO); Found:M+. 159.0696 C,oHgNO 
requires 159.0684. 
3-lndolecarbaldehyde84. '29 
CHO 
~ ~N') 
H 
Pyrophosphoryl chloride (1.24 g. 4.94 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N.N-dimethylformamide (1.50 g. 20.54 mmol) and indole 
(0.50 g. 4.23 mmol). The resulting syrup was stirred at O°C for 0.5 hour then at 40° 
C for 1 hour. Ice. followed by an aqueous solution of sodium hydroxide (2M). was 
added and the mixture heated under reflux. On cooling a precipitate of indo/e-3-
carbaldebyde (0.59 g. 97%) formed. m.p. 196-198°C. lit. 84 195-198°C; vmax I cm-
, 3168 (N-H) and 1632 (C=O); IiH(250 MHz; DMSO-dsl'29 7.23 (2H. m). 7.48 
(1 H. m). 7.97 (1 H. s). 8.18 (1 H. m). 9.96 (1 H. s). and 11.87 (1 H. broad singlet); 
IiC<DMSD-d6) 111.83 (CH). 118.06 (C). 120.72 (CH). 121.74 (CH). 123.08 (CH). 
123.88 (C). 136.81 (C). 136.97 (CH). and 184.36 (CHO). 
196 
2-Thiophenecarbaldehyde8S.129 
n ({s"" CHO 
Procedure 1 
Pyrophosphoryl chloride (3.3 g, 13.14 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N,N-dimethylformamide (1.50 g, 20.54 mmol) and the 
resulting syrup was stirred at 20°C for 0.5 hour. Thiophene (0.7 g, 8.3 mmol) was 
added and the mixture heated at 70°C for 1.5 hours. An aqueous solution of 
sodium acetate was added to the cooled solution and the product extracted with 
diethyl ether. The extract was dried (MgS04) and concentrated to give 2-
thiophenecarbaldehyde8S (0.56 g, 60%), vmax I cm·1 1663 (C=O); l)H(250 MHz; 
CDCI3) 129 7.22 (1 H, m), 7.78 (2H, m), and 9.94 (1 H, s); od62.9 MHz; CDCIJl 
128.36 (CH), 133.34 (C), 135.19 (CH), 136.41 (CH), and 183.07 (CHO); Found: 
M+, 111.9975 calc. for CSH40S 111.9983. 
2-Thiophenecarbaldehyde8S.129 
Procedure 2 
Pyrophosphoryl chloride (2.2 g, 8.74 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N-methylformanilide (1.18 g, 8.74 mmol) and the 
resulting syrup was stirred at 20°C for 0.5 hour. Thiophene (0.7 g, 8.3 mmol) was 
added and the mixture heated at 20°C for 18 hours. An aqueous solution of 
sodium hydroxide (2M) was added to the cooled solution and the product extracted 
with diethyl ether. The ether layer was washed with dilute hydrochloric acid, dried 
(MgS04). and concentrated to give 2-thiophenecarbaldehyde (0.70 g, 75%), 
spectral data were as for procedure 1. 
2-Methyl-3-i ndolecarbaldehyde 121.129 
CHO 
~Me l::J-.N')-
H 
Pyrophosphoryl chloride (1.10 g, 4.38 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N,N-dimethylformamide (2.00 g, 27.39 mmol). The 
resulting syrup was stirred at 20°C for 0.5 hour and cooled to O°C. 2-methylindole 
(0.50 g, 3.78 mmol) was added and the resulting syrup was heated at 40°C for 1 
197 
hour. The cold product was then basified with an aqueous solution 01 sodium 
hydroxide (2M) and the resulting suspension heated to boiling point. The clear 
solution was cooled (O°C) and a yellow solid precipitated out. This solid filtered off 
was dried to give 2-methylindole-3-carbaldehyde (0.53 g. 88%). m.p. 199-200°C 
1It. 121 200-201°C; vmax /cm·1 1644 (C=O); SH{250 MHz; COCI3) 2.70 (3H. s). 7.16 
(2H. m). 7.34 (1 H. m). 8.17 (1 H. m). 10.12 (1 H. s). and 9.85 (1 H. broad. N-H); 
Sd62.9 MHz; COCI3) 11.94 (CH 3). 111.16 (CH). 114.21 (C). 120.45 (CH). 122.16 
(CH). 122.79 (CH). 126.05 (C). 135.56 (C). 148.00 (C). and 184.22 (CHO); Found: 
M+. 159.0661 calc. for C10HgNO 159.0684. 
N.,2-pimethyl-3-indolecarbaldehyde 129 
CHO 
~Me ~N'r 
\ 
Me 
Pyrophosphoryl chloride (1.80 g. 7.17 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N.N-dlmethyllormamide (1.50 g. 20.54 mmol). The 
resulting syrup was stirred at 20°C for 0.5 hour and cooled to O°C. N,2-
dimethylindole (0.70 g. 4.82 mmol) was added and the resulting syrup was stirred 
at 20°C for 20 hours. The cold product was then basified with an aqueous solution 
of sodium hydroxide (2M). extracted with diethyl ether. dried (MgS04). and 
evaporated to give colourless crystals of N.2-dimethylindole-3-carbaldehvde (0.79 
g.95%). m.p. 128-130·oC; Vmax / cm·1 1644 (C=O); SH(250 MHz; COCI3) 2.51 
(3H. s). 3.54 (3H. s). 7.22 (3H. m). 8.23 (1H. m). 10.03 (1H. s) 
; Sd62.9 MHz; COCI3) 10.36 (CH3). 29.49 (CH3). 109.17 (CH). 114.05 
(C). 120.74 (CH). 122.66 (CH). 122.99 (CH). 125.55 (C). 136.78 (C). 147.84 (C). 
and 183.94 (CHO); Found: M+. 173.0844 C 11H11NO requires 173.0841. 
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N-Methyl-2-pyrrolecarbaldehyde87,121,129 
N-Methyl-3-pyrrolecarbaldehyde87,129 
n N CHO 
, 
Me 
CHO 
o 
N , 
Me 
Procedure 1 
Pyrophosphoryl chloride (1.506 g, 6.0 mmol) was added dropwise to a stirred 
mixture of cold (Ice bath) N,N-dlmethylformamide (0.439 g. 6.0 mmol) and freshly 
distilled N-methylpyrrole (0.405 g. 5.0 mmol). The resulting syrup was stirred at 
20° C for 18 hours. The product was then basifled with an aqueous solution of 
sodium hydroxide (2M) and extracted with dichloromethane. The solution was 
dried (MgS04) and concentrated. Flash chromatography with diethyl ether-
petroleum ether (b.p. 40°-60° C) (1 :5) as the eluent gave N-methyl-2-
pyrrolecarbaldehyde (0.481 g. 88.2%) and N-methyl-3-pyrrolecarbaldehyde 
(0.026 g. 4.8%). both as colourless oils. 
N-Methyl-2-pyrrolecarbaldehyde. 87,121 IIH(250 MHz; CDCI:J129 3.94 (3H. s). 6.20 
(lH. m). 6.88 (2H. m). an? 9.54 (lH. s); 110<62.9 MHz; CDCI3) 36.40 (NCH3). 
109.50 (CH). 124.12 (CH). 131.97 (C). 132.07 (CH). and 179.56 (CHO). 
N-Methyl-3-pyrrolecarbaldehyde,87 IIH(250 MHz; CDCI3) 3.70 (3H. s). 6.61 (2H. 
m). 7.23 (lH. m). and 9.71 (lH. s); 00<62.9 MHz; CDCI3) 36.68 (NCH3), 108.46 
(CH). 124.38 (CH) 126.22 (C). 129.87 (CH). and 185.78 (CHO). 
Procedure 2 87,129 
As procedure 1 except phosphoryl chloride (0.767 g. 6.0 mmol) was used instead 
of pyrophosphoryl chloride. This gave a mixture of N-methyl-2-
pyrrolecarbaldehyde 87 (0.459 g. 84%) and N-methyl-3-pyrrolecarbaldehyde 87 
(0.031 g. 6.0%). spectral data were as for procedure 1. 
Procedure 3 87,129 
N,N-dimethylchloromethyleneiminium Chloride (0,768 g. 6 mmol) was dissolved in 
N,N-dimethylformamide (5 cm3) and cooled (ice bath). Freshly distilled N-
methylpyrrole (0.405 g. 5.0 mmol) was added dropwise and the resulting solution 
was stirred at 20° C for 18 hours. The product was then basified with an aqueou's 
solution of sodium hydroxide (2M) and extracted with dichloromethane. The 
solution was dried (MgS04) and concentrated. Flash chromatography with diethyl 
199 
ether-petroleum ether (b.p. 40°-60° C) (1 :5) as the eluent gave N-methyl-2-
pyrrolecarbaldehyde (0.422 g. 77.4%) and N-methyl-3-pyrrolecarbaldehyde 
(0.016 g. 3.0%). spectral data were as for procedure 1. 
N-Benzyl-2-pyrrolecarbaldehyde87 
N-Benzyl-3-pyrrolecarbaldehyde87 
Procedure 1 
Pyrophosphoryl chloride (2.140 g. 8.5 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N,N-dimethylformamide (1.097 g, 15.0 mmol) and N-
benzylpyrrole (1.179 g. 7.5 mmol). The resulting syrup was stirred at 20°C for 18 
hours. The cold product was then basified with an aqueous solution of sodium 
hydroxide (2M) and extracted with dichloromethane. The solution was dried 
(MgS04) and concentrated. Flash chromatography with 30% diethyl ether in 
petroleum ether (b.p. 40°-60° C) gave N-benzyl-2-pyrrolecarbaldehyde (1.112 g. 
80%) and N-Benzyl-3-pyrrolecarbaldehyde (0.245 g. 18%). both as colourless 
oils. 
N-Benzyl-2-pyrrolecarbaldehyde, vmax I cm-'1658 (C=O); ~H(250 MHz; CDCI3) 
5.54 (2H, s). 6.24 (1H, m). 6.94 (2H. m). 7.14-7.10 (2H. m). 7.31-7.18 (3H. m). and 
9.54 (1 H. s); ~d62.9 MHz; CDCI3) 51.9 (CH2). 110.10 (CH). 124.8 (CH), 127.4 
(CH). 127.7 (2 x CH). 129.7 (CH). 131.4 (2 x CH). 131.5 (C). 137.5 (C). and 179.3 
(CHO); Found:M+, 185.0827calc. forC'2H"NO 185.0841. 
N-Benzyl-3-pyrrolecarbaldehyde, Vmax I cm-' 1660 (C=O); ~H(250 MHz; CDCI3) 
5.08 (2H, s). 6.65 (1 H. dd. J = 2.8 and 1.8 Hz), 6.70 (1 H. t. J = 2.8 Hz), 7.18-7.13 
(2H, m). 7.37-7.29 (4H, m). and 9.73 (1 H. s); ~c(62.9 MHz; CDCI~ 54.98 (CH2). 
108.7 (CH), 123.8 (CH). 126.9 (C). 127.4 (2 x CH). 128.4 (CH). 129.0 (2 x CH). 
129.2 (CH). 136.1 (C). and 185.6 (CHO); Found: M+, 185.0830 calc. for 
C'2H"NO 185.0841. 
Procedure 2 87 
Pyrophosphoryl chloride (2.140 g. 8.5 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N-methylformanilide (2.028 g. 15.0 mmol) and N-
200 
benzylpyrrole (1.179 g, 7.5 mmol). The resulting syrup was stirred at 20° C for 19 
hours. The cold product was then basified with NaOH (2M) and extracted with 
dichloromethane. The solution was dried (MgS04), concentrated, and unreacted 
N-methylformanilide removed by Kugelrohr distillation (70° C at 0.1 mm Hg). 
Flash chromatography with diethyl ether-petroleum ether (b.p. 40°-60° C) (1 :5) as 
the eluant gave N-benzyl-2-pyrrolecarbaldehyde (1.034 g, 75%) and N-benzyl-3-
pyrrolecarbaldehyde (0.303 g, 22%), both as colourless oils and spectral data 
were as for procedyre 1. 
Procedure 3 87 
As procedure 1 except of phosphoryl chloride (1.303 g, 8.5 mmol) was used 
instead of pyrophosphoryl chloride. This gave a mixture of N-benzyl-2-
pyrrolecarbaldehyde (1.194 g, 86%) and N-benzyl-3-pyrrolecarbaldehyde (0.133 
g, 9.6%), both as colourless oils and spectral data were as for procedure 1. 
2-Pyrrolecarbaldehyde 121 
3-Pyrrolecarbaldehyde21 
0.. N CHO 
H 
Procedyre 1 
r,-;(CHO 
/() 
N 
H 
Pyrophosphoryl chloride (1.511 g, 6.0 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) N,N-dimethylformamide (0.731 g, 10.0 mmol) and N-
triisopropylsilylpyrrole (1.119 g, 5.0 mmol) dissolved in acetonitrile. The resulting 
syrup was stirred at 20° C for 2 hours. The cold product was then basified with an 
aqueous solution of sodium hydroxide (2M) and extracted with dichloromethane. 
The solution was dried (MgS04) and concentrated. Flash chromatography 
(gradient elution) with 30% to 75% diethyl ether in petroleum ether (b.p. 40-60° C) 
gave pyrrole-2-carbaldehyde (0.065 g, 14%), pyrrole-3-carbaldehyde (0.313 g, 
66%), and triisopropvlsilaneol (0.871 g, 100%). 
2-Pyrrolecarbaldehyde,121 Vmax I cm·11650 (C=O), and 3280 (N-H); IiH(250 MHz; 
CDCI~129 6.36 (1H, m), 7.01 (1H, m), 7.16 (1H, m), 9.52 (1H, s), and 10.1 (1H, 
broad Singlet, 020 exchangeable); Iic(62.9 MHz; COCI3) 111.4 (CH), 121.6 (CH), 
127.0 (CH), 133.5 (C), and 179.5 (CHO). 
201 
3-Pyrrolecarbaldehyde,21 Vmax I cm·1 1650 (C=O). and 3288 (N·H); liH(250 MHz; 
COCI3) 6.67 (1 H. m). 6.85 (1 H, m). 7.48 (1 H. m). 9.80 (1 H. s). and 10.2-9.4 (1 H. 
broad singlet. °20 exchangeable); lid62.9 MHz; CDCI3) 107.4 (CH). 120.9 (CH), 
126.4 (CH). 127.9 (C). and 186.2 (CHO). 
TriisooroQvlsilaneol. vmax I cm·1 3452 (O-H); li H(250 MHz; CDCI3) 1.05 (21H, 
unresolved multiplet). 1.42 (1 H. °20 exchangeable); lid62.9 MHz; CDCI~ 12.32 
(CH). 17.72 (3 x CH3). 
Procedure 2 
As procedure 1 except N-methylformanilide (1.352 g. 10.0 mmol) was used 
instead of N,N-dimethylformamide. This gave 3 ·pyrrolecarbaldehyde (0.290 g. 
61 %). l..pyrrolecarbaldehyde (0.033 g, 7.0%). and triisopropylsilaneol (0.871 g. 
100%). The spectral data were as for procedure 1. 
Methyl (tl::pyrrolidjnyllglyoxylate 
o 
JL .OMe or If (199) 
Methyl oxalyl chloride (5.63 g, 50 mmol) dissolved in ether (30 cm3) was added 
dropwise to a stirred solution of pyrrolidine (3.91 g. 55 mmol) and triethylamine 
(5.57 g. 55 mmol) dissolved in ether (70 cm 3) with cooling from an ice bath. After 2 
hours at 200 C the white precipitate of triethylamine hydrochloride was filtered off 
and the solution concentrated. Distillation (Kugelrohr) gave methyl (N-
flyrrolidinvl!glyoxylate (199) (6.21 g.79%), b.p. 1000 C at 0.1 mm Hg; vmax I cm-1 
1740 (ester C=O) and 1652 (amide C=O); liH(250 MHz; CDCI3) 1.85-2.03 (4H. m). 
3.54 (2H. t, J = 6.9 Hz). 3.65 (2H. t. J = 6.9 Hz). and 3.67 (3H. s); lid62.9 MHz; 
CDCI3) 23.49 (CH2), 26.04 (CH2). 46.26 (NCH2), 47.54 (NCH2), 52.66 (ester 
OCH 3), 158.87 (C), and 162.75 (C); Found: M+, 157.0745 C7HllN03 requires 
157.0739. 
Methyl (N-morpholioyl)glyoxylate 
o 
JL -.OMe rN' n (200) O~ 0 
202 
Methyl oxalyl chloride (2.450 g, 20 mmol) dissolved in ether (10 cm3) was added 
dropwise to a stirred solution of morpholine (2.178 g, 25 mmol) and triethylamine 
(2.530 g, 25 mmol) dissolved in ether (40 cm3) with cooling from an ice bath. After 
2 hours at 20° C the white precipitate of triethylamine hydrochloride was filtered off 
and the solution concentrated. Distillation (Kugelrohr) gave methyl (N-
moroholinyl!glyoxylate (200) (3.071 g, 89%), b.p. 100° C at 0.1 mm Hg; vmax I 
cm-1 1740 (ester C=O), and 1632 (amide C=O); 8H(250 MHz; CDCI3) 3.45-3.50 
(2H, m), 3.63-3.75 (6H, m), and 3.88 (3H, s); 8d62.9 MHz; CDCI3) 41.84 (NCH2), 
46.45 (NCH2), 52.76 (ester OCH 3), 66.39 (OCH2), 66.67 (OCH2), 159.92 (C), and 
162.88 (C); Found:M+, 173.0691 C7H11N04 requires 173.0688. 
Methyl l2,4-dimethoxyphenyllglyoxvlate 
MeO 0 
trr"<::: OMe (201) MeO .& 0 
Procedure 1 
Phosphoryl chloride (0.537 g, 3.5 mmol) was added dropwise to a stirred mixture of 
cold (ice bath) methyl (N-pyrrolidinyl)glyoxylate (199) (0 .. 550 g, 3.5 mmol) and 
meta-dimethoxybenzene (0.415 g, 3.0 mmol). The resulting syrup was then 
heated at 60°C for 16 hours. The cold product was then basified with an aqueous 
solution of sodium hydroxide (2M) and extracted with dichloromethane. The 
solution was dried (MgS04) and concentrated. Flash chromatography with ethyl 
acetate in petroleum ether (b.p. 40°-60° C) (1 :3) as the eluant gave methyl {2.4-
djmetholQ!Phenyl)g!Yoxylate (201) (0.207 g, 31 %) as an off white crystalline solid, 
m.p.48.5-49.5°C; vmax I cm-1 1746 (ester C=O) and 1656 (ketone C=O); 8H(250 
MHz; CDCI3) 3_85 (3H, s), 3.88 (3H, s), 3.90 (3H, s), 6.43 (1H, d, J = 2.2 Hz), 6.60 
(1 H, dd, J = 2.2 and 8.8 Hz), and 7.89 (1 H. d. J = 8.8 Hz); 8d62.9 MHz; CDCI~ 
52.15 (ester OCH3). 55.64 (OCH 3), 56.10 (OCH3). 98.07 (CH), 106.70 (CH). 
115.92 (C). 132.71 (CH). 162.25 (C). 166.22 (C). 166.69 (C). and 184.96 (C); 
Found: M+. 224.0685 CllH120S requires 224.0685. 
• 
Procedure 2 
As procedure 1 except pyrophosphoryl chloride (0.881 g. 3.5 mmol) was used 
instead of phosphoryl chloride and the reaction time was reduced to 11 hours. This 
gave methyl (2.4-dimethoxyphenyl!qlvoxylate (201) (0.553 g. 82%). spectral data 
were as for procedure 1. 
203 
Procedure 3 
Pyrophosphoryl chloride (0.630 g, 2.5 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) methyl (N-morpholinyl)glyoxylate (200) (0.433 g, 2.5 
mmol) and meta-dimethoxybenzene (0.276 g, 2.0 mmol). The resulting syrup 
was then heated at 60°C for 24 hours. The cold product was then basified with an 
aqueous solution of sodium hydroxide (2M) and extracted with dichloromethane. 
The solution was dried (MgS04) and concentrated. Distillation (Kugelrohr) (b.p. 
140-150° Cat 0.05 mm Hg) gave methvl (2,4-dimethQxl{phenyllqlvoxvlate (201) 
(0.396 g, 89%), spectral data were as for procedure 1. 
Methyl C4-methoxyphenyl)glyoxylate 103 
o 
droMe I '<:::: (202) MeO .& 0 
Pyrophosphoryl chloride (0.881 g, 3.5 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) methyl (N-morpholinyl)glyoxylate (200) (0.606 g, 3.5 
mmol) and anisole (0.415 g, 3.0 mmol). The resulting syrup was then heated at 
60° C for 20 hours. The cold product was then basified with an aqueous solution of 
sodium hydroxide (2M) and extracted with dichloromethane. The solution was 
dried (MgS04) and concentrated. Distillation (Kugelrohr) (b.p. 120-130° C at 0.6 
mm Hg) followed by flash chromatography with ethyl acetate-petroleum ether (b.p. 
40°-60° C) (1 :3) as the eluant gave methyl (4-methoxyphenyl)glyoxylate (202) 
(0.175 g, 30%) as a colourless crystalline solid, m.p. 51°C, 1it.103 50-51°C; vmax I 
cm,11740 (esterC=O) and 1677 (ketonecC=O); liH(250 MHz; CDCI3) 3.89 (3H, s), 
3.96 (3H, s), 6.94-7.00 (2H, m, AA'BS' system), and 7.98-8.03 (2H, m, AA'SB' 
system); lic(62.9 MHz; CDCI3) 52.65 (ester OCH3). 55.67 (OCH3). 114.29 (2 x 
CH). 125.62 (C), 132.66 (2 x CH). 164.41 (C). 165.42 (C). and 184.60 (C); Found: 
M+. 194.0552 Cl0Hl004 requires 194.0579. 
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Methyl (N-methyl-3-indolyl\glyoxylate 129 
o 
OMe 
Procedure 2 
Pyrophosphoryl chloride (0.881 g, 3.5 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) methyl (N-pyrrolidinyl)glyoxylate (199) (0.550 g, 3.5 
mmol) and N-methylindole (0.394 g, 3.0 romol). The resulting syrup was stirred at 
20° C for 90 minutes. The product was then basified with a saturated aqueous 
solution of sodium hydrogencarbonate and extracted with dichloromethane. The 
solution was dried (MgS04) and concentrated. Flash chromatography with ethyl 
acetate-petroleum ether (b.p. 40°-60° C) (1 :5) as the eluant gave methyl (N-
methyl-3-jndolyllglyoxylate (131) (0.449 g, 69%) as a yellow oil and N,N'-
Dimethyl-2,3-dihydro-2,3'-biindole (94)122 (0.118 g, 30%) as colourless crystals, 
spectral data were as for procedure 1. 
Procedyre 3 
Pyrophosphoryl chloride (0.881 g, 3.5 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) methyl (N-pyrrolidinyl)glyoxylate (199) (0.550 g, 3.5 
mmol) and heated to 50° C for 5 minutes to give a thick syrup. This was cooled 
(ice bath) and N-methylindole (0.394 g, 3.0 mmol) was added dropwise. The 
resulting syrup was stirred at 0° C for 11 hours. The product was then basified with 
a saturated aqueous solution of sodium hydrogencarbonate and extracted with 
dichloromethane, dried (MgS04), and concentrated. Flash chromatography with 
ethyl acetate-petroleum ether (b.p. 40°-60° C) (1 :5) as the eluant gave methyl (N-
methyl-3-indo/YlIg/Yoxylate (131) (0.514 g, 79%) and N,N'-Dimethyl-2,3-dihydro-
2,3'-biindole(94)122 (0.079 g, 20%), spectral data were as for procedyre 1. 
205 
(203) 
Methyl (/Y;IDethyl-2-gyrrolyllglyoxylate 129 
Methyl (ttmethyl-3-gyrrolyllglyoxylate 129 
flfl 
'N"l('0Me 
Me 0 
~OMe 
O~ 
~ (204) 
Me 
Pyrophosphoryl chloride (1.506 g, 6.0 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) methyl (N-pyrrolidinyl)glyoxylate (199) (0.943 g, 6.0 
mmol) and heated to 200 C for 30 minutes to give a thick syrup. This was 
dissolved in acetonitrile (10 cm3), cooled (ice bath) and a mixture of freshly distilled 
N-methylpyrrole (0.406 g, 5.0 mmol) and bis-trimethylsilylacetamide was added 
dropwise. The resulting solution was stirred at 00 C for 1 hour. The product was 
then basified with a saturated aqueous solution of sodium hydrogencarbonate and 
extracted with dichloromethane. The solution was dried (MgS04) and 
concentrated. Flash chromatography with ethyl acetate-petroleum ether (b.p. 400 -
600 C) (1 :5) as the eluant gave methvl fN-methvl-2-QYrrolvl!qlvoxvlate (203) (0.334 
g, 40%) and methyl fN-methyI-3-Qyrrolyllqlyoxylate (204) (0.117 g, 14%), both as 
pale yellow oils. 
Methvl fN-methvl-2-QvrrolyfJq[yoxvfate (203), vmax I cm-1 1736 (ester C=O) and 
1642 (ketone C=O); 5H(250 MHz; CDC'a) 3.91 (3H, s), 3.96 (3H, s), 6.20 (1 H. m), 
6.99 (1 H, m), and 7.25 (1 H, m); 5c(62.9 MHz; CDCI3) 37.33 (NCH3), 52.66 
(OCH3), 109.79 (CH), 124.67 (CH), 127.91 (C), 134.37 (CH), 163.80 (C), and 
174.05 (ester C); Found:M+, 167.0561 CaH9N03 requires 167.0582. 
Methyl fN-methyl-3-Qyrrofy{lqlvoxylate (204), vmax I cm-1 1735 (ester C=O), and 
1655 (ketone C=O); 5H(250 MHz; CDCh) 3.71 (3H, s), 3.90 (3H, s), 6.61 (1 H, m), 
6.75 (1 H, m), and 7.66 (1 H, m); 5C<62.9 MHz; CDCI3) 36.79 (NCH3), 52.62 
(OCH3), 110.88 (CH), 121.43 (C), 124.28 (CH), 131.57 (CH), 163.47 (C), and 
177.78 (ester C); Found: M+ 167.0559 CaH9N03 requires 167.0582. 
206 
Methyl (&benzyl-2-pyrrolyllglyoxvlate (205) 129 
Methyl (fL-benzyl-3-pyrrolyllglyoxylate (206) 129 
nfi 
(205) 'N"Y'0Me 
PhH2C 0 
Pyrophosphoryl chloride (1.506 g. 6.0 mmol) was added dropwise to a stirred 
mixture of cold (ice bath) methyl (N-pyrrolidinyl)glyoxylate (199) (0.943 g. 6.0 
mmol) and heated to 20° C for 30 minutes to give a thick syrup. This was 
dissolved in acetonitrile (10 cm3). cooled (ice bath). and N-benzylpyrrole (0.788 g. 
5.0 mmol) was added dropwise. The resulting solution was stirred at 0° C for 1 
hour. The product was then basified with an aqueous solution of sodium hydroxide 
(2M) and extracted with dichloromethane. The solution was dried (MgSO.J. 
concentrated. and flash chromatography with ethyl acetate-petroleum ether (b.p. 
40°-60° C) (1 :5) as the eluant gave methyl (N-benzyl-2-pvrrolyllglyoxylate (205) 
(0.401 g. 33%) and methyl (N-methyl-3-pyrrolyllglyoxylate (206) (0.645 g. 53%). 
both as pale yellow oils. 
Methyl fN-benzyl-2-pyrrolyllglyoxylate (205). vrnax I cm·1 1737 (ester C=O) and 
1644 (ketone C=O); SH(250 MHz; CDCI3) 3.85 (3H. s). 5.54 (2H. s). 6.24 (1H. m). 
7.05 (1 H. m). 7.10 (2H. m). 7.20-7.30 (3H. m). and 7.35 (1 H. m); Sd62.9 MHz; 
eDC13) 52.62 (CH3). 52.79 (CH2). 110.31 (CH). 125.70 (CH). 127.11 (C). 127.27 
(CH). 127.72 (2 x CH). 128.67 (CH). 133.78 (2 x CH). 137.16 (C). 163.53 (C). and 
173.65 (ester C); Found: M+. 243.0909 C14H13N03 requires 243.0895. 
Methyl fN-benzyl-3-pyrro/Yllglyoxylate (206). vrnax I cm-1 1732 (ester C=O) and 
1655 (ketone C=O); SH(250 MHz; CDCI3) 3.86 (3H. s). 5.05 (2H. s). 6.65 (1H. m). 
6.79 (1 H. m). 7.14 (2H. m). 7.35-7.29 (3H. m). and 7.75 (1 H. m); Sc(62.9 MHz; 
CDCI3) 52.60 (CH3). 53.97 (CH2). 111.05 (CH). 121.55 (C). 123.54 (CH). 127.34 
(CH). 128.32 (2 x CH). 128.98 (CH). 130.85 (2 x CH). 135.98 (C). 163.34 (C). and 
178.02 (ester C); Found: M+. 243.0895 C14H13N03 requires 243.0914. 
207 

References 
1. Olah, G. A Friedel-Crafts and Related Reactions; Interscience Publishers, 
New York, 1963, pp 33. 
2. Laird, T. in Comprehensive Organic Chemistry; Barton, D. H. R.; Ollis, W. D., 
Eds.; Pergamon Press, Oxford,1979, vol. 1, pp 1117-1119. 
3. Meth-Cohn, 0.; Stanforth, S. P. in Comprehensive Organic Synthesis; 
Fleming, I.; Trost, B.M., Eds.; Pergamon Press, Oxford, 1991, vol. 2, pp 777-
794. 
4. Haack, A.; VHsmeier, A Chem. Ber., 1927, 60, 119-122. 
5. Olah, G. A. Friedel-Crafts and Related Reactions; Interscience Publishers, 
New York, 1963. 
6. Taylor, R. R. Electrophilic Aromatic Substitution; WHey, New York, 1990. 
7. (a) Krishnamurti, R.; Olah, G. A.; Surya Prakash, G. K. in Comprehensive 
Organic Synthesis; Fleming, I.; Trost, B.M., Eds.; Pergamon Press, Oxford, 
1991, vol. 3, pp 293-339. 
(b) Olah, G. A. Friedel-Crafts Chemistry; WHey, New York, 1973. 
8. Crafts, J. M.; Friedel, C. Bul. Soc. Chim. Fr., 1878, 29, 2. 
9. Zincke, T. Chem. Ber., 1869, 2, 737. 
10. (a) Olah, G. A; Pittman, C. U. Advan. Phys. Org. Chem., 1966, 4, 305-347. 
(b) Baker, E. B.; Bastien, I. J.; Evans, J. C.; Mclntyre, J. S.; Olah, G. A.; 
Tolgyesi, W. S. J. Am. Chem. Soc., 1964, 86, 1360-1373. 
(c) Baker, E. B.; Bastien, I. J.; Kuhn, S. J.; Moffatt, M. E.; Olah, G. A.; 
Tolgyesi, W. S. J. Am. Chem. Soc., 1963, 85, 1328-1334. 
(d) Olah, G. A. Angew. Chem. Int. Ed. Engl., 1963, 2, 629. 
11. Heaney, H. in Comprehensive Organic Synthesis; Fleming, I; Trost, B.M., 
Eds.; Pergamon Press, Oxford, 1991; vol. 2, pp 733-752. 
12. Norman, R. O. C.; Taylor, R. R. Electrophilic Substitution in Benzenoid 
Compounds; Elsevier, London, 1965. 
13. Groggins, P. H. Unit Processes in Organic Synthesis; 4th Ed.; McGraw-HiII 
Book Co., New York, 1952, pp 873. 
14. Erykalov, Yu. G.; Spryckov, A. A. Zhur. Obshchei. Khim., 1958,28,1637-
1642. 
15. (a) Anthony, W. C.; Speeter, M. E. J. Am. Chem. Soc., 1954, 76, 6208. 
(b) Houlihan, W. J. in Indoles Part One; Wiley Interscience, London, 1972, pp 
113. 
16. Kroeger, C. F.; Miethchen, R. Z. Chem., 1975,15,135-141. 
208 
17. Effenberger, F.; Klenk, H.; Konig, G. Chem. 8er., 1981, 114,926·936. 
18. Heaney, H. in Comprehensive Organic Chemistry; Barton, D. H. R.; Ollis, W. 
D., Eds.; Pergamon Press, Oxford, 1979, vol. 1, pp 242·361. 
19. Khan, M. K. A; Morgan, K. J.; Morrey, D. P. Tetrahedron, 1966, 22, 2095· 
2105. 
Khan, M. K. A; Morgan, K. J.; Morrey, D. P. Tetrahedron., 1965, 21, 2197· 
2204. 
20. Paquette, L. A Principles of Modern Heterocyclic Chemistry; W. A. Benjamin 
Inc., New York, 1968, pp 102·149. 
21 Artis, D. R.; Bray, B. L.; Mathies, P. H.; Muchowski, J. M.; Naef, R.; Solas, D. 
R.; Tidwell, T. T. J. Org. Chem., 1990,55,6317·6328. 
22. Frenette, R.; H'amel, P.; Kakushima, M.; Rokach, J. J. Org. Chem., 1983, 48, 
3214·3219. 
23. Myhre, P.C.; Rieger, T.; Stone, J. T. J. Org. Chem., 1966, 31, 3425·3426. 
24. Carlson, C. G.; lapierre, J. C.; Olah, G. A. J. Org. Chem., 1964, 29, 2687· 
2689. 
25. (a) Byrne, J. J. PhD Thesis; Purdue University, 1957. 
(b) Byrne, J. J. Dissertation Abstr., 1958, 18, pp 1976. 
26. Kuhn, S. J.; Olah, G. A.; Olah, J. J. Chem. Soc., 1957, 79, 2174·2176. 
27. (a) Kurihara, 0.; Nakane, R.; Natsubori, A. J. Phys. Chem., 1964, 68, 2876· 
2882. 
(b) Kurihara, 0.; Nakane, R.; Natsubori, A J. Am. Chem. Soc., 1965, 87, 
3597·3604. 
28. Brown, H. C.; Grayson, M. J. Am. Chem. Soc., 1953, 75, 6285-6292. 
29. Brown, H. C.; Jung, K. H. J. Am. Chem. Soc., 1955, 77, 5584·5589. 
30. Olah, G. A. Friedel·Crafts Chemistry; Wiley, New York, 1973, Ch. 4. 
31. Cupas, C. U.; Comisarow, M. B.; Olah, G. A.; Pittman, C. U. J. Am. Chem. 
Soc., 1965, 87, 2997·2998. 
32. (a) Namanworth, E.; Olah, G. A.; Sommer, J. J. Am. Chem. Soc., 1967, 89, 
3576·3581. 
(b) Namanworth, E.; Olah, G. A. J. Am. Chem. Soc., 1966, 88, 5327-5328. 
(c) Brouwer, D. M.; Mackor, E. L. Proc. Chem. Soc., 1964,147-148. 
33. Halpern, Y.; Olah, G. A. J. Org. Chem., 1971, 36, 2354·2356. 
34. Sunberg, R. J. The Chemistry of Indoles; Academic Press, New York, 1970. 
35. (a) Meyer, W. P.; Parson, T. G.; Powers, J. C. J. Am. Chem. Soc., 1967, 89, 
5812-5820. 
(b) O'Brien, D. H.; Olah, G. A J. Am. Chem. Soc., 1967, 89,1725-1728. 
209 
(c) O'Brien, D. H.; Olah, G. A.; Pittman, C. U. J. Am. Chem. Soc., 1967, 89, 
2996-3001. 
36. Kobayashi, S.; Olah, G. A.; Tashiro, M. J. Am. Chem. Soc., 1970, 92, 6369-
6371. 
37. Fleming, I. Frontier Orbitals and Organic Chemical Reactions; Wiley, New 
Vork,1989. 
38. Joule, J. A.; Smith, G. F. Heterocyclic Chemistry; Van Nostrand Reinhold 
(UK), Cambridge, 1984. 
39. Corson, B. B.; Kutz, W. M. J. Am. Chem. Soc., 1949, 71,1503-1504. 
40. (a) Choi, H. D.; Ishibashi, H.; Shindo, H.; Tamura, V. Chem. Pharm. Bull., 
1982,30,915-921. 
(b) Ikeda, M.; Ishibashi, H.; Masazumi, I. Chem. Pharm. Bull., 1991,39, 
1854-1856. 
41. (a) Price, C. C.; Lund, M. J. Am. Chem. Soc., 1940, 62, 3105-3107. 
(b) Burwell, R. L; Archer, S. J. Am. Chem. Soc., 1942, 62,1032-1034. 
(c) Burwell, R. L.; Elkin, L. M.; Shields, A. D. J. Am. Chem. Soc., 1952, 74, 
4567-4570. 
42. Kitano, K; Masuda, S.; Nakajima, T.; Segi, M.; Suga, S. Bull. Chem. Soc. 
Jpn., 1981, 54, 3611-3612. 
43. Masuda, S.; Nakajima, T.; Suga, S. J. Chem. Soc., Chem. Commun., 1974, 
954-955. 
44. Masuda, S.; Nakajima, T.; Suga, S. Bull. Chem. Soc. Jpn., 1983,56,1089-
1094. 
45. Kondo, T.; Masuda, S.; Nakajima, T.; Nakamoto, V.; Nakashima, S.; Suga, S. 
Bull. Chem. Soc. Jpn., 1979, 52, 2377-2382. 
46. (a) Khalaf, A A.; Roberts, R. M. J. Org. Chem., 1969, 34, 3571-3574. 
(b) Khalaf, A A; Roberts, R. M. J. Org. Chem., 1971, 36,1040-1044. 
(c) Khalaf, A. A.; Roberts, R. M. J. Org. Chem., 1972, 37, 4227-4235. 
(d) Khalaf, A A; Roberts, R. M. J. Org. Chem., 1973, 38,1388-1395. 
47. (a) Maeta, H.; Matsumoto, T.; Suzuki, K; Tsuchihashi, G. Tetrahedron Left., 
1988,29,3567-3570. 
(b) Maeta, H.; Matsumoto, T.; Suzuki, K; Tsuchihashi, G. Tetrahedron Left., 
1988,29,3571-3574. 
(d) Katsuki, M.; Matsumoto, T.; Suzuki, K. Tetrahedron Left., 1989, 30, 833-
836. 
48. Anderskewitz, R.; Dyrbusch, M.; Egert, E.; Gruttner, S.; Schollkopf, U. 
Angew. Chem. Int. Ed. Engl., 1987,26,683-684. 
210 
49. Fuji, K.: Nagasawa, H.: Node, M.: Xiao-Jiang, H. Tetrahedron Lett., 1989, 30, 
4141-4144. 
50. (a) Stang, P. J.; Streitwieser, A. J. Am. Chem. Soc., 1965, 87, 4953. 
(b) Brauman, J. I.; Pandell, A. J. J. Am. Chem. Soc., 1967, 89, 5421-5424. 
51. Rosenburg, J. L.; Spanninger, P. A. J. Am. Chem. Soc., 1972, 94, 1973-
1978. 
52. Davis, B. R.; Johnson, S. J.; Woodgate, P. D. Aust. J. Chem., 1987, 40, 
1283-1299. 
I 
53. Buck, H. M.: DeHaan, J. W.; Driessen-Engels, J. M. G.; Macco, A. A.; 
Pennings, M. L. M. J. Chem. Soc., Chem. Commun., 1978, 1103-1105. 
54. Burwell, R. L. Jr.; Elkin, L. M.; Schields, A. D. J. Am. Chem. Soc., 1952, 74, 
4570-4572. 
55. Ichikawa, K.; Nakajima, T.; Suga, S.; Sugita, T. Bull. Chem. Soc. Jpn., 1967, 
40,2980. 
56. (a) Ichikawa, K.; Nakajima, T.; Suga, S.; Sugita, T. Tetrahedron, 1969, 1807-
1816. 
(b) Price, C. C.; Spector, R. J. Am. Chem. Soc., 1966, 88,4171-4173. 
(c) Price, C. C.; Osgan, M. J. Am. Chem. Soc., 1956, 78, 4787-4792. 
57. Nakajima, T.; Nakamoto, Y.; Suga, S. Bull. Chem. Soc. Jpn., 1975, 48, 960-
965. 
58. Brown, S. L.; Davisson, M. E.; Harvey, S. M.; Hissom, B. R.; Pristach, H. A.; 
Schramm, S. B.; Taylor, S. K. J. Org. Chem., 1987, 52, 425-429. 
59. Ulley, G. L.: Ulley, K. J.: McCoy, P. A.; Taylor, S. K. J. Org. Chem., 1981, 46, 
2709-2712. 
60. Masuda, S.; Nakajima, T.; Segi, M.; Suga, S.; Takebe, M. Bull. Chem. Soc. 
Jpn., 1982, 55,167-170. 
61. Brauman, J. I.; Solladie-Cavallo, A. J. Chem. Soc., Chem. Commun., 1968, 
1124-1125. 
62. Hashimoto, M.: Hemmi, K.; Imai, K.: Shima, I.; Shimazaki, N. Chem. Pharm. 
Bull., 1990,38,564-566. 
63. Piccolo, 0.; Spreafico, F.; Valoti, E.; Visentin, G. J.Org. Chem., 1985, 50, 
3945-3946. 
64. Azzena, U.; Deloga, G.; Melloni, G.; Piccolo, 0.; Valoti, E. J. Org. Chem., 
1991,56,183-187. 
65. Johnson, E. J.; Kissick, T. P.; Kronenthal, D. R.: Kuester, P. L.; Mueller, R. H. 
Tetrahedron Lett., 1990,31,1241-1244. 
66. (a) Effenberger, F.; Weber, T. Chem. Ber., 1988, 121, 421-420. 
211 
(b) Effenberger, F.; Weber, T. Angew. Chem. Int. Ed. Engl., 1987, 26,142-
143. 
67. Crowley, D. R.; Schick, J. W. J. Am. Chem. Sac., 1951, 73,1377. 
68. Araldi, G.; Bigi, F.; Casnati, G.; Sartori, G. Gazz. Chim. Ital., 1990, 120, 413-
419. 
69. Earle, M. J.; Fairhurst, R. A.; Heaney, H. Tetrahedron Lett., 1991,32,6171-
6174. 
70. Bigi, F.; Bortolini, R.; Casnati, G.; Dalprato, C.; Sartori, G. Tetrahedron 
asymm., 1990, 1,861-864. 
71. Boissin, P.; Brown, E.; Dahl, R. Tetrahedron Lett., 1989,30,4371-4374. 
72. Jones, D. M.; Pelter, A.; Ward, R. S. Tetrahedron asymm., 1992, 3, 239-242. 
73. (a) DeCleroq, P.; Van der Eycken, J.; Vandewalle, M. Tetrahedron, 1986, 42, 
4285-4295. 
(b) DeCleroq, P.; Van der Eycken, J.; Vandewalle, M. Tetrahedron, 1986, 42, 
4297-4308. 
74. (a) Cambie, R. C.; Cheng, K-F.; Kong, Y-C.; Waterman, P. G. J. Chem. Soc., 
Chem. Commun., 1985, 47-48. 
(b) Bergman, J.; Venemalm, L. Tetrahedron Lett., 1988, 29, 2993-2994. 
75. Chan, T-Y.; Cheng, K-F.; Kong, V-C. J. Chem. Soc., Chem. Commun., 1985, 
48-49. 
76. Piccolo, 0.; Spreafico, F.; Visentin, G. J. Org. Chem., 1987, 52,10. 
77. Piccolo, 0.; Spreafico, F.; Visentin, G. J. Org. Chem., 1985, 50, 3946. 
78. Hattori, K.; Nakao, K.;Tamaki, K.; Yamauchi, T. Bull. Chem. Soc. Jpn., 1987, 
60, 4015-4018. 
79. Tsuchihashi, G. Tetrahedron Lett., 1982,23,5427-5430. 
80. Heaney, H. In Comprehensive Organic Chemistry; Barton, D. H. R.; Ollis, W. 
D., Eds.; Pergamon Press, Oxford, 1979, vol. 1, pp 241-361. 
81. Dingwall, J. G.; Reid, D. H.; Wade, K. J. Chem. Soc. (C), 1969, 913-916. 
82. (a) Martin, G. J.; Poignant, S. J. Chem. Soc., Perkin 11, 1972, 1964-1966. 
(b) Simchen, G. in Houben-Weyl, 4th ed.; Thieme: Stuttgart, 1983, Vol. E3, 
pp 36-85. 
83. Buu-Hoi, N. P.; Xoung, N. D.; Sy, M.; Lejeune, G.; Tien, N. B. Bull. Soc. 
Chim. Fr., 1955,1594-1597. 
84. James, P.N.; Snyder, H. R. Org. Synth. Call. Vol., 1963, 4, 539-542. 
85. Archer, W. L.; Campaigne, E. J. Am. Chem. Soc., 1953, 75,989-991. 
86. Miskel, J. J.; Sowa, J. R.; Traynelis, V. J. J. Org. Chem., 1957, 22,1269-
1270. 
212 
87. Candy, C. F.; Jones, R. A.; Wright, P. H. J. Chem. Soc. (C), 1970,2563-
2567. 
88. McGillivary, G.; White, J. J. Org. Chem., 19n, 42, 4248-4251. 
89. McGillivary, G.; Smal, E. J. Chem. Soc., Perkin Trans. 1,1983,633-636. 
90. Ferre, G.; Palomo, A-L. Tetrahedron Lett., 1969, 10, 2161-2164. 
91. Martin, G. J.; Poignant, S. J. Chem. Soc., Perkin Trans., 1974, 642. 
92. Arnold, Z. Chem. Listy., 1958, 52, 2103. 
93. Alvarez, R. M.; 8arcia, J. 0.; Cerero, de la M. 5.; Fraile, A G.; Hanack, M.; 
Martinez, A. G.; Subramanian, L. R.; Vllar, E. T. J. Chem. Soc., Chem. 
Commun., 1990,1571-1572. 
94. Gross, H.; Freiberg, J. Ch em. Ber., 1966, 99, 3260-3267. 
95. Masuda, 5.; Nakajima, T.; Segi, M.; Suga, S. Bull. Chem. Soc. Jpn., 1980, 
53,458-461. 
96. 8racuod, C.; Chastrette, F.; Chastrette, M.; Christdis, Y.; Mattioda, G. Bul/. 
Soc. Chim. Fr., 1985, 11-66 - 11-77. 
97. Smith, G. F. Adv. Heterocycl. Chem., 1963, 2, 287-309. 
98. Glasebrook, A. L.; Lovell, W. G.; Phillips, E. J. Am. Chem. Soc., 1936, 58, 
1944-1948. 
99. Harrison, P. G. Chemistry of Tin;8Iackie, London, 1989. 
100. Finkbeiner, H.; Klebe, J. F.; White, D. M. J. Am. Chem. Soc., 1966, 88, 
3390-3395. 
101. (a) Earle, M. J.; Fairhurst, R. A; Heaney, H.; Papageorgiou, G. 
Tetrahedron Lett., 1990, 31,4229-4232. 
(b) Cheung, G. K.; Earle, M. J.; Fairhurst, R. A; Heaney, H.; Shuhaibar, K. 
F.; Eyley, S. C.; Ince, F. Synlett, 1991, 721-723. 
102. 8ehr, D.; 8randange, 5.; Lindstrom, 8. Acta Chim. Scand., 1973,27,2411-
2414. 
103. Micetich, R. G. Org. Prep. Proced.lnt., 1970,2,249-252. 
104. Lui, A S-T.; Macdonald, J. E.; Raucher, S. J. Org. Chem., 1979, 44,1885-
1887. 
105. Danheiser, R. L.; Fieser, M.; Roush, W. R. Reagents for Organic 
Synthesis; Wiley, New York, 1981, Vol. 9, pp 178-180. 
106. Azzena, U.; Deloga, G.; Melloni, G.; Piccolo, O. J. Org. Chem., 1989, 30, 
4555-4559. 
107. Clauson-Kaas, N.; Elming, N. Acta Chem. Scand., 1952, 6, 867-874. 
108. Cahn, R. S.; Ingold, C. K.; Prelog, V. Angew. Chem. Int. Ed. Engl., 1966, 5, 
385-415. 
213 
109. Inanaga, J.; Kusuda, K.; Yamaguchi, M. Tetrahedron Left., 1989,30,2945-
2948. 
110. Jones, R. A.; Bean, G. P. The Chemistry of Pyrroles; Academic Press, 
London, 1977. 
111. Crofts, P. C.; Oownie, I. M.; Heslop, R. B. J. Chem. Soc., 1960, 3673-3676. 
112. Becke-Goehring, M.; Sambeth, J. Angew. Chem., 1957, 69, 640. 
113. Walker Extract and Chem. Co. Ltd. Ger. Pat., 1025777, 14-7-1955. 
114. Cheung, G. K.; Oownie, I. M.; Earle, M. J.; Heaney, H.; Matough, F. S.; 
Shuhaibar, K. F.; Thomas, O. Synleft, 1992,77-78. 
115. Tipson, R. S. J. Org. Chem., 1962, 27,1449. 
116. Eriksson, S.; Undqvist,I.; Zackrisson, M. Acta Chem. Scand., 1959, 13, 
1758-1760. 
117. Michaels, R. J.; Sommers, A. H.; Weston, A. W. J. Am. Chem. Soc., 1952, 
74,5546. 
118. Lambooy, J. P. J. Am. Chem. Soc., 1956,78,771-774. 
119. Fleming, I.; Williams, O. H. Spectroscopic Methods in Organic Chemistry, 
4th Ed.; McGraw-HiII, London, 1989. 
120. Weast, R. C.; Aslle, M. J., Eds. CRC Handbook of Chemistry and Physics, 
63rd Ed.; CRC Press, Boca Raton: Florida, 1982, pp 0-169. 
121. Catalogue Handbook of Fine Chemicals; Aldrich Chem. Co. Ltd., 
Gillingham, 1991. 
122. Geller. K. H.; Schmitz-Oumont, O. Chem. Ber., 1933, 66, 766-774. 
123. Corey, E. J.; Ensley, H. E. J. Am. Chem. Soc., 1975, 97, 6908-6909. 
124. (a) Oimroth, 0.; Zoeppritz, R. Chem. Ber., 1902,35,993-997. 
(b) Bisagni, M.; Buu-Hoi, N. P.; Royer, R. J. Chem. Soc., 1955, 3693-3695. 
125. Buu-Hoi, N. P.; Lavit, O. J. Chem. Soc., 1955, 2776-2779. 
126. Buu-Hoi, N. P.; Lavit, O. J. Org. Chem., 1957, 22, 912-914. 
127. (a) Hazebroucq, G. Ann. Pharm. Fr., 1966, 24, 793-806. 
(b) Bray, B.L.; Muchowski, J. M. J. Org. Chem., 1988, 53, 6115-6118. 
128. Campbell, J. R.; Pouchert, C. J. Aldrich Library of NMR Spectra; 2nd Ed.; 
Aldrich Chem. Co. Ltd., Gillingham, 1974. 
129. Carried out in collaboration with Or Khamis F. Shuhaibar. 
214 
Appendix 1 
Chiral HPLC Results 
The two compounds (103) and (183) were analysed by chiral HPLC. The ultra-
violet spectra are shown in figure 1 (page 217). 
Optimum chiral separation was observed for compound (103) using a chiral AGP 
column operating under the following conditions:-
Column 
Mobile Phases 
Gradient 
Wavelength 
Flow Rate 
Oven Temperature 
Injection Volume 
Injection Solvent 
AGP 
"A" = 0.025M KH2P04 (pH 4.2) 
"B" = O.025M KH2P04 (pH 4.2) in 50% isopropanol 
Isocratic, 75% "A" and 25% "B" 
240nm 
1.0 cm3 min·1 
40°C 
3111 
Methanol 
Using this method chromatograms typically containing three major peaks were 
observed as shown in figure 2 (page 218). The three components were assumed 
to be the three possible stereoisomers of (103) in 1 : 2 : 1 ratio. 
1 
(103) 
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Optimum chiral separation was observed for compound (183) using a chiral AGP 
column operating under the following conditions:-
Column 
Mobile Phases 
Gradient 
Wavelength 
Flow Rate 
Oven Temperature 
Injection Volume 
Injection Solvent 
AGP 
"A" = 0.025M KH2P04 (pH 4.2) 
"6" = 0.025M KH2P04 (pH 4.2) in 50% isopropanol 
Isocratic, 80% "A" and 20% "6" 
225nm 
1.0 cm3 min-' 
40°C 
3111 
Methanol 
Using this method chromatograms typically containing three major peaks were 
observed as shown in figure 3 (page 219). The three components were assumed 
to be the four possible stereoisomers of (183) in 1 : 1 : 2 ratio, with two of the 
stereoisomers co-eluting under the conditions employed. 
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Appendix 2 
X-Ray Crystal Structure of Compound (185) 
Crystal data: C24H24N202' M = 372.46, monoclinic, a = 11.89 (0.02), b = 11.150 
(0.004), c = 8.15060 (0.001) A, ~ = 111.46 (0.104) A3, space group P21, Dc = 
1.230 9 cm·3, A. = 0.7093 A, JL = 0.070 mm·1 , F(OOO) = 396.14. Data were 
measured on a Stoe Stadi-2 Diffractometer using the 9/29 scan mode. A crystal of 
dimensions 0.054 x 0.31 x 0.62 mm was used. 1788 independent reflections were 
measured, of which 1619 had Inet > 2.5cr(lnet) and were considered to be 
observed. The data were not corrected for absorption. The structure was solved 
by direct methods. The maximum and minimum residual electron densities in the 
final D-map were 0.233 and -0.380 e/A-s respectively. The maximum shift I sigma 
error was 0.0001. Computation was carried out using the SHELX76 program. The 
structure is shown in figure 4. 
looking down C1D-H10 bond 
looking down C17-H17 bond 
Figure 4 
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It can tJ; clearty seen that both chiral 
Cehtres have the same absolute configuratIon. 

